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Resistant plants and uses thereof 

the present Invention relates to a novel method for increasing the resitance of a plant, 
in particular of a Solanaceae, preferably of potato and tomato, to plant pathogens 

5 of the phylum Oomyceta comprising increasing the activity of the polypeptid of the pre- 
sent invention. The invention further relates to polynucleotides and vectors comprising 
these polynucleotdes. The invention furthermore relates to corresponding vectors, cells 
transgenic plants and transgenic propagation material derived from them, methods to 
produce them and to their use for the production of foodstuffs, feeding stuffs, seed. 

1 0 pharmaceuticals or fine chemicals. 

The aim of plant biotechnology work is the generation of plants with advantageous 
novel properties, for example for increasing agricultural productivity, increasing the 
quality in the case of foodstuffs, or for producing specific chemicals or pharmaceuticals 

15 (Dunwell JM (2000) J Exp Bot 51 Spec No:487-96). The plants natural defense 
mechanisms against pathogens are frequently insufficient Fungal diseases alone 
result in annual yield losses of many billions of US$. The introduction of foreign genes 
from plants, animals or microbial sources can increase the defenses. Examples are the 
protection of tobacco against feeding damage by insects by expressing Bacillus thur- 

20 ingiensis endotoxins under the control of the 35S CaMV promoter (Vaeck et al. (1 987) 
Nature 328:33-37) or the protection of tobacco against fungal infection by expressing a 
bean chitinase under the control of the CaMV promoter (Broglle et al. (1991) Science 
254:11 94-1 197). However, most of the approaches described only offer resistance to a 
single pathogen or a narrow spectrum of pathogens. 

25 Despite the notorious Irish potato famine of the mid-1 9 ,h century, late blight still con- 
tinues to be one of the most devastating of ail diseases in crop plants. Late blight 
<: w is caused by the oomycete fungus Phytophthora infestans, a specialised pathogen, 
primarily causing disease on the foliage and fruits of a range of Solanaceae species, 
especially potato and tomato. The fungus was first observed in Mexico and for several 

30 reasons Mexico is believed to be the centre of origin of the fungus. Both of the mating 
types A1 and A2 are permanently present in for example the Toluca area. Also, 
P. Infestans is reported on native Solanum species in remote areas of Mexico. Further- 
more, many species of tuber bearing Solanum with a high level of resistance to late 
blight are found in Mexico. Prevailing measures to prevent crop failures or reduced 

35 yields imply the application of fungicides that prevent or cure an infection by 

P. infestans. Instead of the massive use of chemical pesticides an alternative approach 
for controlling late blight could be advantageous: the use of cultivare, which harbour 
partial or complete resistance to late blight To obtain late blight resistance, breeders 
have in the past focussed on the Introgressionof dominant R genes from Solanum de~ 

40 missum % a wild potato spades indigenous to Mexico. Eleven such R genes have been 
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identified, several of which have been mapped to specific loci on the genetic map of 
potato (reviewed in Gebhardt and Valkonen, 2001) and recently the R1 gene has been 
cloned. R 1 and R z are located on chromosomes 5 and 4, respectively. R 3 . R 6 and R 7 
are located on chromosome 1 1. Unknown R genes conferring race specific resistance 
5 to late blight have also been described in S. tuberosum ssp. Andigena and 

S. berthaultii and pennapisecpum. The resistance induced by these R-genes was 
(nearly) complete but appeared not to be durable in any case. Because of the high 
level of resistance and ease of transfer, many cultivars contain S. demissum derived 
resistance / Unfortunate,v ;. s: demissum derived race specific resistance, although 

10" nearly complete, is not durable. Once newly bred potato cultivars were grown on larger 
scale in commercial fields, new virulences emerged in P. infestans, which rendered the 
pathogen able to overcome the introgressed resistance. More durable field resistance 
to late blight, often quantitative In nature and presumed to be race non-specific, can be 
found in several Mexican and Central and South American Solanum species. However 

1 5 this type of resistance is difficult to transfer into potato cultivars through crossing and 
phenotypic selection. 

Diploid 5. bulbocastanum from Mexico and Guatemala is one of the tuber bearing 
species that is long known for its high levels of resistance to late blight Unfortunately, 

20 classic transfer of resistance from wild Solanum species to cultivated potato is fre- 
quently prevented due to differences in ploidy and Endosperm Balance Number (EBN). 
Despite these problems, introgression of the 3. bulbocastanum resistance trait has 
been successful. Recently, somatic hybrids of S. bulbocastanum and $. tuberosum and 
backcrossed germplasm were found to be highly resistant to late blight, even under 

25 extreme disease pressure (Helgeson era/., 1998). Some of these hybrids and back- 
crossed germplasm were found to be highly resistant to late blight, even under extreme 
disease pressure. Despite reports of suppression of recombination, resistance in the 
backcrossed material appeared to be on chromosome 8 within an approximately 6 cM " 
interval between the RFLP markers CP53 and CT64. A CAPS marker derived from the 

30 tomato RFLP probe CT8B cosegregated with resistance. 

Accordingly, in the recent years the development of plants resistant to pathogens of 
the phylum Oomyceta forged ahead. However. 40 years of intense and continuous re- 
search and breeding efforts with this germplasm has still not resulted in market intro- 
duction of resistant cultivars. The prevailing number of genes identified in the recent 
years confers merely race specific resistance. Further, the achieved resistance was not 
durable. In addition, the application of crop protectants is widely considered to be a 
burden for the environment. Thus, in several Western countries, legislation becomes 
more restrictive and partly prohibitive. to the application of specific fungicides", making 
chem.cal control of the disease more difficult. Further, chemical control is expensive 
Finally, another restriction is the development of resistance by the fungus to specific 
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fungicides such as metalaxyl, which has been reported from many countries in the 
world. 

Accordingly, the problem underlying the present invention is to provide novel means 
5 and methods for a efficient protection of plants against late blight and related diseases. 

The solution of the technical problem is achieved by providing the embodiments char- 
acterized in the claims. 

1 o Accordingly, the present invention relates to a method for generating or increasing the 
resistance of a plant to plant pathogen of the phylum Oomyceta comprising increasing 
the activity of Rpi-blb2 protein in the plant or a tissue, organ or cell of the plant or a part 
thereof. 

Rphblb2 is a LZ-NBS-LRR type of R gene and shows sequence homology to the 
15 tomato gene MI-1 , that confers resistance to three species of root Knot nematodes 

{Meloidogyne spp.) as well as to the potato aphid Macrosiphum euphorbiae (Vos et a/., 
1 998; Rossi et aL 1998; MHIigan et a/., 1998) and to both B- and Q-biotypes of whitefly 
Bemisia tetac/(Nombela et a/., 2003). As was found for Rpi-blb, Rpi-blbZ also confers 
full resistance to a range of P. fnfestans isolates carrying multiple virulence factors and 
20 race-specificity has not yet been demonstrated. 

By the term "generating" or "increasing" or "stimulating" 'the resistance of a plant" is 
meant that the resistance of a plant or a part thereof is increased in comparison to a 
reference. 

25 "Conferring", "existing", "generating", "stimulating" or "increasing" a pathogen resis- 
tance means that the defense mechanisms of a specific plant species or variety is in- 
creasingly resistant to one or more pathogens due to the use of the method according 
to the invention in comparison with the wild type of the plant to which the method ac- 
cording to the invention has not been applied, under otherwise identical conditions 

30 (such as, for example, climatic conditions, growing conditions, pathogen species and 
the like). The increased resistance manifests itself preferably in a reduced manifesta- 
tion of the disease symptoms, disease symptoms comprising - in addition to the 
abovementioned adverse effects - for example also the penetration efficiency of a 
pathogen into the plant or plant cells or the proliferation efficiency in or on the same. In 

35 this context, the disease symptoms are preferably reduced by at least 1 0% or at least 
20%, especially preferably by at least 40% or 60%, very especially preferably by at 
least 70% or 80% and most preferably by at least 90% or 95%. Further bei the term 
increased" it is hereby meant that the resistance or activity is higher than in a refer- 
ence or the resistance or activity is generated de novo, if no resistance could be ob- 

40 served in the reference. The stimulation of a resistance or activity is also under the 
scope of the term "increased resistance" or "increased activity". The activation of the 
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a gene, i.e. the promoter, can be stimulated, e.g. by applying chemicals or by biotic 
stress, e.g. by transfection with P, Infestans, conferring resistance to a pathogen. 
In the following, the term "increasing" also comprises the term "stimulating". 

5 "Pathogen resistance" denotes the reduction or weakening of disease symptoms of a 
plant following infection by a pathogen. The symptoms can be manifold, but preferably 
encompass those which directly or indirectly have an adverse effect on the quality of 
the plant, the quantity of the yield, the suitability for use as feeding stuff or foodstuff, or 
else which make sowing, planting, harvesting or processing of the crop difficult 
id • 

"Pathogen" within the scope of the invention means by way of example but not by limi- 
tation viruses or viroids. bacteria, fungi, animal pests such as, for example, insects or 
nematodes. 

15 The term "Rpi-blb2 protein" relates to a protein or poiypeptid which expression in a 
plant or a part confers resistance of the plant or a part of the plant to one of pathogens 
described herein in comparison to a non-resistant strain: 

The plant or a tissue, organ or cell of the plant or a part thereof comprising increased 
activity of Rpl-blb2 protein Is less susceptible to an infection by a pathogen, in particu- 

20 lar to pathogen of the phylum Oomyceta preferably to P. infestans, than a plant or a 
part thereof which has the identical genetic background but not the genetic elements 
necessary to allow an expression of Rpi-blb2 (herein named as "wild type" or "refer- 
ence"). Assays for the testing of the resistance of a plant or a part thereof are well 
known to a person skilled in the art. The resistance to P. Infestans can be defined as 

25 Spoliation index according to Flier, 2001 . Flier describes the sporulation index as 
level of sporulation per 1 cm 2 . Thus, a reduction of sporulation per 1 cm 2 of 20% com- 
pared to a wild typ is herein defined as resistance. In the examples illustrating the pre- 
sent invention, the sporulation index was defined as level of sporulation per lesion. 
Thus, by the term "resistance" is alternatively meant a reduction of sporulation per le- 

30 sion of 20% compared to a wild type. The later definition is preferred. In preferred em- 
bodiments the sporulation in an assay is reduced by 30%, more preferred is a reduc- 
tion of 50%, even more preferred are 70%, even more preferred are more than 80%, 
more preferred are 85% and 90%. Most preferred is 95% or more. 

35 Accordingly, In the present invention by "activity" of a Rpi-bib2 protein is meant, that 
the protein expression confers said reduction in the sporulation index. Further, It was 
observed, that a typical response for plants containing Rpi-bib2 to a P. infestans infec- 
tion is the presence of small lesions, without any clear sporulation, at the end of the. . 
growing season. Thus, in one embodiment, the activity of Rpi-blb2 is defined as the 

40 presence of small lesions without any clear sporulation. 
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The term "reference" relates to an organism which is genetically Identical to the Organ- 
ism of the present invention or a part thereof but a expression of Rpi-blb2 can not be 
observed as there is a little difference in the genom, proteom or metabolom* Therefore 
5 the reference is a plant or a part thereof which does not encode RpWb!b2 or does not 
transcribe Rphblb2 gene or does not translate a Rpi-blb2 mRNA or does not provide 
any modification for creating an active mRNA or polypeptide. Whether two plants are 
genetically identical can be tested with assays known to a person skilled in the art, e.g. 
via fingerprint analysis, e.g, as described in Roldan-Ruiz. Theor. Appl. Genet., 2001, 
1 0 1 138-1 150. In order to Increase the resistance the reference is susceptible to the infec- 
tion with a plant pathogen of said group. 

Preferably, the reference is a clone of that organism in which the polynucleotide of the 
invention or an activator of the expression of said polynucleotide or a derivate of said 
polynucleotide or a polypeptide of the present Invention or a corresponding vector has 

1 5 been introduced. For example, a preferred reference is the strain before it has been 
transf ected or transformed with the polynucleotid or vector of the invention. If the strain 
can not be identified It is state of the art to cleave the elements which mediate Rpi-blb2 
expression out of the genome of the plant or to inhibit the expression of the Rpi~blb2 
protein by other methods. Such a strain can man be compared with the resistant, Rpi- 

20 blb2 expressing strain. 

The term "plant* as used herein refers to all genera and species of higher and lower 
plants of the Plant Kingdom. The term includes the mature plants, seed, shoots and 
seedlings and their derived parts, propagation material, plant organs, tissue, proto- 

25 plasts, callus and other cultures, for example cell cultures, and any other type of plant 
cell grouping to give functional or structural units. Mature plants refers to plants at any 
desired developmental stage beyond that of the seedling. Seedling refers to a young 
immature plant at an early developmental stage. "Plant" encompasses all annual and 
perennial monocotyledonous and dicotyledonous plants. Preferred within the scope of 

30 the invention are those plants which are employed as foodstuffs or feeding stuffs, very 
especially preferaby monocotyledonous genera and species like the above-described 
cereal species. 

As known to a person stalled in the art, the method of the present invention comprises 
35 further selecting those plants in which, as opposed or as compared to the original plant, 
the resistance to at least one said pathogen exists or is increased. 
'•Selection* with regard to plants in which - as opposed or as compared to the original 
plant - resistance to at least one pathogen exists or is increased means all those^meth- 
ods which are suitable for recognizing an existing or increased resistance to patho- • .~ C , 
40 gens. These may be symptoms of pathogen infection but may also comprise the herein 
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described symptoms which relate to the quality of the plant, the quantity of the yield, 
the suitability for use as feeding stuff or foodstuff and the tike. 

Accordingly, in one embodiment of the method of present invention the Rpi-blb2 protein 
5 is encoded by a polynucleotide comprising a nucleic acid molecule selected from the 
group consisting of: 

a) nucleic acid molecules encoding at least the mature form of the polypeptide 
depicted in SEQ ID NO: 2 or 4; 

b) nucleic acid molecules comprising the coding sequence as depicted in SEQ ID 

1 0 NO: 1 or 3, or 5 or 6 encoding at least the mature form of the polypeptide; 

c) nucleic acid molecules the nucleotide sequence of which is degenerate as a result 
of the genetic code to a nucleotide sequence of (a) or (b); 

d) nucleic acid molecules encoding a polypeptide derived from the polypeptide en- 
coded by a polynucleotide of (a) to (c) by way of substitution, deletion and/or addi- 

15 tion of one or several amino acids of the amino acid sequence of the. polypeptide 
encoded by a polynucleotide of (a) to (c); 

e) nucleic acid molecules encoding a polypeptide the sequence of which has an iden- 
tity of 70% or more to the amino acid sequence of the polypeptide encoded by a 
nucleic acid molecule of (a) or (b); 

20 f) nucleic acfd molecules comprising a fragment or a epitope-bearing portion of a 

polypeptide encoded by a nucleic acid molecule of any one of (a) to (e); 
g) nucleic acid molecules comprising a polynucleotide having a sequence of a nucleic 

acid molecule amplified from a nucleic acid library using the primers as listed in 

Tab 3b, in particular ARF1 F and ARF1R; 
25 h) nucleic acid molecules encoding a fragment beginning with amino acid: 1 , 30, 50. 

100, 200, 300, 500, or 1000 and stopping with amino acid 1276. 1000 r 500. 300. 

200, 50, or 1 of a polypeptide encoded by any one of (a) to (g); 
i). nucleic acid molecules comprising at least 20 nucleotides of a polynucleotide of any 

one of (a) or (d); 

30 j) nucleic acid molecules encoding a polypeptide being recognized by a monoclonal 
antibody that have been raised against a polypeptide encoded by a nucleic acid 
molecule of any one of (a) to (h); 
k) nucleic acid molecules obtainable by screening an appropriate library under strin- 
gent conditions with a probe having the sequence of the nucleic acid molecule of . ...... 

35 any one of (a) to Q) or of a fragment thereof of at (east 1 5, preferable 30, 60, 100 or 
more nucleotides; and 
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I) nucleic acid molecules the complementary strand of which hybridises under strin- 
gent conditions with a nucleic acid molecule of any one of (a) or (k); 
or the complementary strand of any one of (a) to (I); 

or expressing a polypeptide encoded by a segment or linkage group 6 of Solanum bul- 
5 bocastanum which co-segregates with a marker selected from table 3A and which me- 
diates resistance to pathogens, in particular to pathogens selected from the group con- 
sisting of phylum Oomyceta; 

and whereby the polynucleotide has not the sequence of Mil /I or Mil .2 as depicted in 
Seq. ID NO,: 7 and 9 or encoding a Mil .1 or MI1 .2 protein as depicted in Seq. ID 
10 NO.: 8 and 10. 



Accordingly, in one embodiment the present invention relates to the method of the pre- 
sent invention, wherein the Rpi-blbZ protein is encoded by the polynucleotide of the 
present invention. 

15 

On basis of a BLASTX search the genes with the highest homology identified were 
the Mil .1 - and Mil .2-genes. Both genes have a high identity to the sequence depicted 
in Seq. ID NO.: 1 or 3 or 5 or 6 but do not confer resistance to the plant pathogen of 
the phylum Oomyceta. Therefore the activity of Mi1.1 and Mil .2 is an other activity as 

20 the activity of the potypeptid of the present invention. The sequence of Mil .1 and MM .2 
is herein shown in Seq. ID NO,: 7 to 10. Further, the application EP 401764.4 relates to 
the Mi-genes. The sequence of prior art Mil .1- and MI1 .2-genes is excluded from the 
polynucleotide of the present invention, in particular Seq. ID NO.: 7 and 9 are excluded. 
Also included may be polynucelotide sequences encoding the polypeptide of Seq, ID 

25 NO.: 8 pr 1 0, Thus, in an embodiment also sequences encoding the Mil .1 and Mil .2 
protein are excluded. Proteins with a lower homology to the polypeptide encoded by 
the poiynuncleotide of the present invention are Hero Resistance proteins 1 and 2 
(Genbank AccNo.: gi261 90252 and gi261 90254), Tospovirus resistance proteins A, B, 
C, D and E [Genbank AccNos,:gi1 541 8709. gi154187l0, gi15418712, gi154l8713, 

30 gi15418714]; R1 [Genbank AccNo.: gi17432423] and Prf [Genbank AccNo.: gi8547237] 
which sequences or encoded sequences are as well excluded from the sequences of 
the present invention. 

The terms w gene(s) p , "polynucleotide", "nucleic acid sequence", "nucleotide sequence". 
35 or "nucleic acid motecule(s) w as used herein refers to a polymeric form of nucleotides of 
any length, either ribonucleotides or deoxyribonucleotides. This term refers only to the 
primary structure of the molecule. 

Thus, this term includes double- and single-stranded DNA, and RNA. It alsd includes 
40 known types of modifications, for example, methylation, ''caps" substitution ot one 
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or more of the naturally occurring nucleotides with an analog. Preferably, the DNA se- 
quence of the invention comprises a coding sequence encoding the herein defined 
polypeptide. 



5 A "coding sequence" is a nucleotide sequence which is transcribed Into mRNA and/or 
translated into a polypeptide when placed under the control of appropriate regulatory 
sequences. The boundaries of the coding sequence are determined by a translation 
start codon at the 5'-terminus and a translation stop codon at the 3'-terminus. A coding 
sequence can include, but is not limited to mRNA, cDNA, recombinant nucleotide se- 
10 quences or genomic DMA, while introns may be present as well under certain circum- 
stances. 



By "hybridizing" it is meant that such nucleic acid molecules hybridize under conven- 
tional hybridization conditions, preferably under stringent conditions such as described 

15 by, e.g., Sambrook (Molecular Cloning; A Laboratory Manual, 2nd Edition, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor. NY (1989)). An example of one such 
stringent hybridization condition is hybridization at 4XSSC at 65°C, followed by a wash- 
ing in 0.1XSSC at 65 P C for one hour. Alternatively, an exemplary stringent hybridization 
condition is in 50 % formamide, 4XSSC at 42°C. Further, the conditions during the 

20 wash step can be selected from the range of conditions delimited Dy low-stringency 
conditions (approximately 2X SSC at 50°C) and high-stringency conditions (approxi- 
mately 0.2X SSC at 50°C, preferably at 65°C) (20X SSC: 0.3M sodium citrate, 3M 
NaCl, pH 7.0). In addition, the temperature during the wash step can be raised from 
low-stringency conditions at room temperature, approximately 22°C, to higher- 

25 stringency conditions at approximately 65°C. Both of the parameters salt concentration 
and temperature can be varied simultaneously, or else one of the two parameters can 
be kept constant while only the other is varied. Denaturants, for example formamide or 
SDS, may also be employed during the hybridization. In the presence of 50% forma- 
mide, hybridization is preferably effected at 42°C. Some examples of conditions for 

30 hybridization and wash step are shown hereinbelow: 

(1) Hybridization conditions can be selected, for example, from the following condi- 
tions: 

a) 4XSSCat65°C, 

b) 6XSSCat45°C, 

35 c) 6X SSC, 1 00 mg/ml denatured fragmented fish sperm DNA at 6B°C, 

d) 6X SSC, 0.5% SDS, 100 mg/ml denatured salmon sperm DNA at 6B°C, 

e) 6X SSC, 0.5% SDS, 100 mg/ml denatured fragmented salmon sperm DNA, 50% 
formamide at 42°C, 

f) 50% formamide, 4X SSC at 42°C, 
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50% (vol/vol) formamide, 0.1% bovine serum albumin, 0.1% Ficoll, 0.1% polyvi- 
nylpyrrolidone, 50 mM sodium phosphate buffer pH 6.5, 750 mM NaCI, 75 mM 
sodium citrate at42°C, 

2X or 4X SSC at 50°C (low-stringency condition), or 
30 to 40% formamlde, 2X or 4X SSC at 42°C (low-stringency condition). 

Wash steps can be selected, for examplB, from the following conditions: 
0.015 M NaCl/0.001 5 M sodium cltrate/0.1 % SDS at 50°C. 

0.1XSSCat65°a 
0.1 X SSC, 0.5 % SDS at 68°C. 
0.1 X SSC, 0.5% SDS, 50% formamide at 42°C. 
0.ZX SSC, 0.1 % SDS at 42°C. 
2X SSC at 65'C (low-stringency condition). 

1 5 Rpi-blb2 derived from other organisms, may be encoded by other DNA sequences 
which hybridize to the sequences shown in Seq ID No. 1 or 3 or 5 or 6 under relaxed 
hybridization conditions and which code on expression for peptides having the activity 
of Rpi-blb2. Further, some applications have to be performed at low stringency hybridi- 
sation conditions, without any consequences for the specificity of the hybridisation. For 

20 example, a Southern blot analysis of total DNA could be probed with a polynucleotide 
of the present invention and washed at low stringency (55 8 C in 2xSSPE, o,1% SDS). 
The hybridisation analysis could reveal a simple pattern of only genes encoding Rpi- 
0I02. A further example of such low-stringent hybridization conditions are 4XSSC at 
50°C or hybridization with 30 to 40% formamide at 42°C. Such molecules comprise 

25 those which are fragments, analogues or derivatives of Rpi-blb2 of the Invention and 
differ, for example, by way of amino acid and/or nucleotide deletion(s), insertion(s) , 
substitution (s). additions) and/or recombination (s) or any other modification(s) 
known in the art either alone or incombination from the above-described amino acid 
sequences or their underlying nucleotide sequenced). However, it is preferred to use 

30 high stringency hybridisation conditions. 

The term "homology- means that the respective nucleic acid molecules or encoded 
proteins are functionally and/or structurally equivalent. The nucleic acid molecules that 
are homologous to the nucleic acid molecules described above and that are derivatives 

35 of said nucleic acid molecules are, for example, variations of said nucleic acid mole- 
cules which represent modifications having the same biological function, in particular 
encoding proteins with the same or substantially the same biological function. They 
may be naturally occurring variations, such as sequences from other plant varieties or- 
species, or mutations. These mutations may occur naturally or may be obtained by 

40 mutagenesis techniques. The allelic variations may be naturally occurring allelic van- 
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ants as well as synthetically produced or genetically engineered variants. Structurally 
equivalents can, for example, identified by testing the binding of said polypeptide to 
antibodies. Structurally equivalent have the similar immunological characteristic, e.g. 
comprise similar epitopes. 

5 

The terms fragment", "fragment of a sequence" or "part of a sequence" mean a trun- 
cated sequence of the original sequence referred to. The truncated sequence (nucleic 
acid or protein sequence) can vary widely in length; the minimum size being a se- 
quence of sufficient size to provide a sequence with at least a comparable function 
10 and/or activity of the original sequence referred to, while the maximum size is not criti- 
cal. In some applications, the maximum size usually is not substantially greater than 
that required to provide the desired activity and/or f unction(s) of the original sequence. 

Typically, the truncated amino acid sequence will range from about 5 to about 1260 
15 amino acids In length. More typically, however, the sequence will be a maximum of 
about 1000 amino acids in length, preferably a maximum of about 500 or 100 amino 
acids* It is usually desirable to select sequences of at least about 1 0, 1 2 or 15 amino 
acids, up to a maximum of about 20 or 25 amino acids. 

20 The term "epitope* relates to specific immunoreactive sites within an antigen, also 

known as antigenic determinates. These epitopes can be a linear array of monomers in 
a polymeric composition - such as amino acids in a protein - or consist of or comprise 
a more complex secondary or tertiary structure. Those of skill will recognize that all 
immunogens (i.e., substances capable of eliciting an immune response) are antigens; 

25 however, some antigen, such as haptens, are not immunogens but may be made im- 
munogenic by coupling to a carrier molecule. The term "antigen" includes references to 
a substance to which an antibody can be generated and/or to which the antibody is 
specifically immunoreactive. In one embodiment the present invention relates to a epi- 
tope of Rpi-blb2. 



30 



35 



The term "one or several amino acids" relates to at least one amino acid but not more 
than that number of amino acids which would result in a homology of below 70% iden- 
tity. Preferably, the Identity is more than 75% or 80%, more preferred are 85%, 90% or 
95%, even more preferred are 96%, 97%, 98%, or 99% identity. 



The terms "polynucleotide* and "nucleic acid molecule" also relate to "isolated" polynu- 
cleotides or nucleic acids molecules, An "isolated" nucleic acid molecule is one which is 
separated^ rom other nucleic acid molecules which are present in the natural.sou.rce.of . 
the nucleic acid. Preferably, an "isolated" nucleic acid is free of sequences which natu- 
40 rally flank the nucleic acid (i.e., sequences located at the 5 1 and 3 T ends of the nucleic 
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acid) in the genomic DNA of the organism from which the nucleic acid is derived. For 
example, in various embodiments, the polynucleotide of the present invention can con- 
tain less than about 5 kb, 4kb, 3kb, 2kb ( 1 kb, 0.5 kb or 0.1 kb or less of nucleotide 
sequences which naturally flank the nucleic acid molecule in genomic DNA of the cell 
5 from which the nucleic acid Is derived. Moreover, the polynucleotides of the present 
invention, in particular an "isolated" nucleic acid molecule, such as a cDNA molecule, 
can be substantially free of other cellular material, or culture medium when produced 
by recombinant techniques, or chemical precursors or other chemicals when chemi- 
cally synthesized. 

10 

Further, the polynucleotide of the invention comprises a nucleic acid molecule which is 
a complement of one of the nucleotide sequences of above mentioned polynucleotides 
or a portion thereof. A nucleic acid molecule which is complementary to one of the nu- 
cleotide sequences shown in SEQ ID No:1 or 3 or 5 or 6 is one which is sufficiently 
1 5 complementary to one of the nucleotide sequences shown In SEQ ID No: 1 or 3 or 
5 or 6 such that it can hybridize to one of the nucleotide sequences shown in SEQ ID 
No: 1 or 3 or 5 or 6, thereby forming a stable duplex. 

The polynucleotide of the invention comprises a nucleotide sequence which is at least 
20 about 70%, preferably at least about 75%, more preferably at least about 80%, 90%, 
or 95%, and even more preferably at least about 96%, 97%, 98%, 99% or more homo- 
logous to a nucleotide sequence shown in SEQ ID No: 1 or 3 or 5 or e, or a portion * 
thereof. The polynucleotide of the invention comprises a nucleotide sequence which 
hybridizes, preferably hybridizes under stringent conditions as defined herein, to one 
25 of the nucleotide sequences shown in SEQ ID No: 1 or 3 or 5 or 6, or a portion thereof. 

Moreover, the polynucleotide of the invention can comprise only a portion of the coding 
region of one of the sequences in SEQ ID No: 1 or 3 or 5 or 6, for example a fragment 
which can be used as a probe or primer or a fragment encoding a biologically active 

30 portion of an Rpi-blb2. The nucleotide sequences determined from the cloning of the 
the present Rpi-blb2 protein encoding gene allows for the generation of probes and 
primers designed for use in identifying and/or cloning Its homologues in other cell types 
and organisms. The probe/primer typically comprises substantially purified oligonucleo- 
tide. The oligonucleotide typically comprises a region of nucleotide sequence that hy- 

35 bridizes under stringent conditions to at least about 12, 15 preferably about 20 or 25, 
more preferably about 40, 50 or 75 consecutive nucleotides of a sense strand of one 
of the sequences set forth, e.g., in SEQ ID No. No: 1 or 3 or 5 or 6, an anti-sense 

sequenced ohe^of. the sequences, e.g iy set forth in SEQ ID No r : l.pr 3.0/-5j?r£, or, 

naturally occurring mutants thereof. Primers based on a nucleotide of invention can be 

40 used in PCR reactions to clone Rpi-blb2 homologues, e.g. as the primers described 
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In the examples of the present Invention, e.g. as shown in lab 3a or 3b, preferably the 
primers ARF1F and ARF1R are used. A PCR with the primers univ24R and univ14L 
will result in a fragment of Rpi-blb2 which can be used as described herein. Said primer 
sets are interchangable. The person skilled in the art knows to combine said primers to 
result in the desired product, e.g. In a full length clone or a partial sequence. Probes 
based on the Rpi-blb2 nucleotide sequences can be used to detect transcripts or ge- 
nomic sequences encoding the same or homologous proteins. The probe can further 
comprise a label group attached thereto, e.g. the label group can be a radioisotope, a 
fluorescent compound, an enzyme, or an enzyme co-factor*. Such probes can be used 
as a part of a genomic marker test kit for identifying cells which express an Rpl-blb2, 
such as by measuring a level of an Rpi-blb2-encoding nucleic acid molecule in a sam- 
ple of cells, e.g., detecting Rpi-blb2 mRNA levels or determining whether a genomic 
Rpi-bib2 gene has been mutated or deleted. 



15 The polynucleotide of the invention encodes a polypeptide or portion thereof which 
includes an amino acid sequence which is sufficiently homologous to the amino acid 
. sequence of SEQ ID No: 2 or 4 such that the protein or portion thereof maintains the 
ability to participate in resistance to pathogens, In particular a Rpi-bib2 activity as de- 
scribed in the examples in plants. As used herein, the language "sufficiently homolo- 

20 gous" refers to proteins or portions thereof which have amino acid 

sequences which include a minimum number of identical or equivalent (e.g., an amino 
acid residue which has a similar side chain as an amino acid residue in one of the 
sequences of the polypeptide of the present invention, amino acid residues to an amino 
acid sequence of Seq, ID No.: 2 or 4 such that the protein or portion thereof is able to 

25 participate in the resistance of plants to said pathogens. Examples of a Rpi-blb2 activity 
are described herein. Thus, the function of an Rpi-bib2 protein contributes either di- 
rectly or indirectly to the resistance to plant pathogens, preferably to the pathogens 
mentioned herein, more preferred to P. inf estans. 



30 The protein is at least about 70%, preferably at least about 75%, and more preferably 
at least about 80%, 90%, 95%, and most preferably at least about 96%, 97%, 98%, 
99% or more homologous to an entire amino acid sequence of SEQ ID No: 2 or 4, 

Portions of proteins encoded by the polynucleotide of the invention are preferably 

35 biologically active. 

As mentioned herein, the term "biologically active portion" is intended to include a 
portion, e.g., a domain/motif, that confers resistance to an oomycete plant pathogene 
and/or BemisieLtabaci.and/oraphfds or has an immunological actiyi^suchihat it js . u 
binds to an antibody binding speciflally to. Rpl 7 blb2 or it has an activity as set fortlf in 

40 the Examples or as described herein. 
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Additional nucleic acid fragments encoding biologically active portions of the polypetide 
of the present invention can be prepared by Isolating a portion of one of the sequences 
in SEQ ID No: 1 or 3 or 5 or 6, expressing the encoded portion of the Rpi-blb2 or pep- 
tide (e.g., by recombinant expression in vitro) and assessing the activity of the encoded 
S portion of the protein. 

The invention further encompasses polynucleotides that differ from one of the nucleo- 
tide sequences shown In SEQ ID No: 1 or 3 or 5 or 6 (and portions thereof) due to 
degeneracy of the genetic code and thus encode a Rpi-bib2 as that encoded by the . 
1 o sequences shown in SEQ ID No: 2 or 4, Further the polynucleotide of the invention has 
a nucleotide sequence encoding a protein having an amino acid sequence shown in 
SEQ ID No: 2 or 4, In a still further embodiment the polynucleotide of the invention 
encodes a full length protein which is substantially homologous to an amino acid 
sequence of SEQ ID No: 2 or 4. 

15 

In addition, it will be appreciated by those skilled in the art that DNA sequence poly- 
morphisms that lead to changes in the amino acid sequences may exist within a popu- 
lation (e.g., the S. bulbocastanum population). Such genetic polymorphism in the Rpi- 
blb2 gene may exist among individuals within a population due to natural variation, 

20 

As used herein, the terms "gene* and "recombinant gene" refer to nucleic acid mole- 
cules comprising an open reading frame encoding an Rpi-blb2, preferably a 
S. bulbocastanum Rpi-blb2. Such natural variations can typically result in 1-5% vari- 
ance In the nucleotide sequence of the Rpi-blb2 gene. Any and all such nucleotide 
25 variations and resulting amino acid polymorphisms in RpM0lb2 that are the result of 
natural variation and that do not alter the functional activity of Rpi-blb2 are intended to 
be within the scope of the invention. 

Polynucleotides corresponding to natural variants and non-S, bulbocastanum homo- 

30 logues of the Rpi-blb2 cDNA of the invention can be isolated based on their homology 
to S- bulbocastanum Rpi-blb2 polynucleotides disclosed herein using the polynucleo- 
tide of the invention, or a portion thereof, as a hybridization probe according to stan- 
dard hybridization techniques under stringent hybridization conditions. Accordingly, in 
another embodiment, an polynucleotide of the invention is at least 20 nucleotides in 

35 length. Preferably it hybridizes under stringent conditions to the nucleic acid molecule 
comprising a nucleotide sequence of the polynucleotide of the present Invention, e.g. 
SEQ ID No: 1 or 3 or 5 or 6. In other embodiments, the nucleic acid is at least 20, 

<• - "30? 50; 100, 2j50 or more nucleotides injength. The term "hybridizes und^r stringent 4i 
conditions" is defined above and is- intended to describe conditions for hybridization 

40 and washing under which nucleotide sequences at least 65% identical to each other 
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typically remain hybridized to each other. Preferably, the conditions are such that 
sequences at least about 70%, more preferably at least about 75% or 80%. and even 
more preferably at least about 85%, 90% or 95% or more Identical to each other typi- 
ca«y remain hybridized to each other. Preferably, polynucleotide of the Invention that 
5 hybnd.zes under stringent conditions to a sequence of SEQ ID No: 1 or 3 or 5 or 6 
corresponds to a naturally-occurring nucleic acid molecule. 

As used herein, a "natorally-occurring" nucleic acid molecule refers to an RNA or DNA 

o^^ 9 ^^ ^^ ^ ° CCUrS [n natUfe <■», - w*. * natural 
protein). Preferably, the polynucleotide encodes a natural S. bulbocastanum Rpi-blb2 



10 



25 



30 



35 



in addition to naturally-occurring variants of the Rpi-blb2 sequence that may exist in the 
population, the skilled artisan will further appreciate that changes can be introduced by 
mutetion ,nto a nucleotide sequence of the polynucleotide encoding Rpi-blb2. thereby 
leading to changes in the amino acid sequence of the encoded Rpi-bib2, without alter- 
.ngthe functional ability of the Rpi-blb2. For example, nucleotide substitutions leading 
to am.no acid substitutions at WessentiaT amino acid residues can be made in a 
sequence of the polynucleotide encoding Rpi-blb2, e.g. SEQ ID No: 1 or 3 or 5 or 6 
A non-essential" amino acid residue is a residue that can be altered from the wild-type 
sequence of one of the Rpi-blb2 without altering the activity of said Rpi-blb2. whereas 
an essenftal amino acid residue is required for Rpi-blb2 activity, other amino acid 

Ztin ll r* SS* ^ th3t "* " 0t C0nserV6d or on * conserved in the 
domain having Rp,-blb2 activity) may not be essential for activity and thus are likely to 
be amenable to alteration without altering Rpi-blb2 activity. 

Znln t^K T! ^ ^ °° d0n USa " * the Polynucleotide of the present 

pressed ^ ° r9aniSm * "** ^ W nu «**"* °' polypeptide is 

ctenolT;l h n inVe -H IO " . r :' ateS t0 ******* ^ing R P i-blb2 that contain 
changes ,„ ammo acd residues that are not essentia, for R P MMb2 activity. Such Rpl- 
blb2s d ffenn amino acid sequence from a sequence contained in SEQ Id no- 2 or 4 
yet re^ruhe Rpi-bib2 activity described herein. The polynuCeotfde can comprise 
a nucleotide sequence encoding a polypeptide, wherein the polypeptide comprises 

o^o n ° aci ? equence at ieast about 7 ° % «■*- » ^ ^«issr 

of EQ ID No: 2 or 4 and is capable of participation in the resistance to a Ja^o- 
Z n ;rTT y;m W**?™™ "y the nuc.eic acid mbiacuie isWIe^m^ * - 
.dentica to the sequence in SEQ ID No: 2 or 4. more preferably at least about 75% 
identica, to one of the sequences in SEQ ,D No: 2 or 4, even more preferable* 
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Wy at least about 80%, 90%, 95% homologous to the sequence in SEQ ID No: 2 or 4, 
and most preferably at least about 96%, 97%, 98%, or 99% identical to the sequence 
in SEQ ID No: 2 or 4. 

To determine the percent homology of two amino acid sequences (e.g., one of the 
5 sequences of Seq. ID No.: 2 or 4 and a mutant form thereof) or of two nucleic acids, 
the sequences are aligned for optimal comparison purposes (e.g., gaps can be intro- 
duced in the sequence of one protein or nucleic acid for optimal alignment with the 
other protein or nucleic acid). The amino acid residues or nucleotides at corresponding 
amino acid positions or nucleotide positions are then compared. When a position in 

1 0 one sequence (e.g., one of the sequences of SEQ ID No: 2 or 4) is occupied by the 
same amino acid residue or nucleotide as the corresponding position in the other 
sequence (e.g., a mutant form of the sequence selected), then the molecules are 
homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" 
is equivalent to amino acid or nucleic acid Identity"). The percent homology between 

15 the two sequences is a function of the number of identical positions shared by the se- 
quences (i.e., % homology = numbers of identical positions/total numbers of positions x 
100). 

Homology can be calculated by comparison with the aid of the program algorithm GAP 
(Wisconsin Package Version 1 0.0. University of Wisconsin, Genetics Computer Group 
20 (GCG). Madison. USA; Aftschul et al. (1 997) Nucleic Acids Res. 25:3389 et seq.), set- 
ting the following parameters: 
Gap weight: 50 Length weight: 3 

Average match: 10 Average mismatch: 0 

For example a sequence which has at least 80% homology with sequence SEQ ID 
25 NO: 1 at the nucleic acid level is understood as meaning a sequence which, upon 
comparison with the sequence SEQ ID NO: 1 by the above program algorithm with 
the above parameter set has at least 80% homology. 

Homology between two polypeptides is understood as meaning the identity of the 
amino acid sequence over in each case the entire sequence length which is calculated 

30 by comparison with the aid of the program algorithm GAP (Wisconsin Package Version 
10.0, University of Wisconsin, Genetics Computer Group (GCG). Madison, USA), set- 
ting the following parameters: 
Gap weight: 8 Length weight 2 

Average match: 2,912 Average mismatch: -2,003 

35 For example a sequence which has at least 80% homology with sequence SEQ ID 
NO: 2 at the protein level is understood as meaning a sequence which, upon compari- 
son with the sequence SEQ ID NO: 2 by the above program algorithm with the above 
--parameter setf has at least 80%-homoIogy^ • * - • - •. , ?.?<?»Mi;0*~ttec?..?-->L lU . 
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In the present application, the homology was determined with the program clustaiw 
which can be found on www.ebi.ac.uk/tooi..;. choose sequence analyses and choose 
option clustaiw (multiple sequence alignments). All options were performed under 
standard conditions, as follows: 
5 alignment full; output format: aln w/numbers; output order: aligned; color alignment: 
no; ktup (word size): def; window length: def; score type: percent; topdiag: def; pairgap: 
def; matrix: def; gap open: def; end gaps: def; gap extension: def; gap distances: def; 
cpu mode: single; tree graph/ type: cladogram; tree graph / distances: hide; phyloge- 

netic tree/ l ree tyP* phytogenetic tree/correct dist.: off; phylogenetic tree/ ignore 

10 gaps: off. Therefore a Homology calculation according to clustaiw is preferred. 

Functional equivalents derived from one of the polypeptides as shown in SEQ ID NO: 2 
or 4 according to the invention by substitution, Insertion or deletion have at least 70%, 
preferably at least 80%, by preference at least 90%, especially preferably at least 95%, 
15 very especially preferably at least 98%, homology with one of the polypeptides as 
shown in SEQ ID NO: 2 or 4 according to the invention and are distinguished by 
essentially the same properties as the polypeptide as shown in SEQ ID NO: 2 or 4. 

Functional equivalents derived from the nucleic acid sequence as shown in SEQ ID 
20 NO: 1 or 3 or 5 or S according to the invention by substitution, insertion or deletion 
have at least 70%, preferably at least 80%, by preference at least 90%, especially 
preferably at least 95%. very especially preferably at least 98%, homology with one of 
the polypeptides as shown in SEQ ID NO: 2 or 4 according to the invention and encode 
polypeptides having essentially the same properties as the polypeptide as shown in 
25 SEQ ID NO: 2 or 4. 

"Essentially the same properties" of a functional equivalent is above all understood 
as meaning conferring a pathogen-resistant phenotype or conferring or increasing 
the resistance to at least one pathogen while increasing the amount of protein, activity 
or function of said functional Rpi-blb2 equivalent in a plant or in a tissue, part or cells 
30 of the same. The spoliation and lesion phenotyp after infection In combination with 
said Increase of the amount of protein, activity or function of the functional equivalent 
is furthermore understood as an essential property. 



35 



40 



A nucleic acid molecule encoding an Rpi-blb2 homologous to a protein sequence of 
SEQ ID No: 2 or 4 can be created by introducing one or more nucleotide substitutions 
additions or deletions Into a nucleotide sequence of the polynucleotide of the present ' 
inVentl ° n ' i0 P articula r of SEQ ID No: 1 or 3 or 5 or 6 such that one or more amino acid 
subStitutidrtsradditions ordeletibns are introduced into the encoded prdteifi. ivlLitatiofis- 
can be introduced into the sequences of, e.g., SEQ ID No: 1 or 3 or 5 or 6 by standard 
techniques, such as site-directed mutagenesis and PCR-mediated mutagenesis Pref- 
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erably, conservative amino acid substitutions are made at one or more predicted non- 
essential amino acid residues. A "conservative amino acid substitution" is one in which 
the amino acid residue is replaced with an amino acid residue having a similar side 
chain. Families of amino acid residues having similar side chains have been defined in 
5 the art. These families include amino acids with basic side chains (e.g.. lysine, arginine. 
histidine), acidic side chains (e.g., aepartic acid, glutamic acid), uncharged polar side 
chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), non- 
polar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, me- 
thionine, tryptophan), beta-branched side chains (e.g., threonine/valine, isoleucine) 

10 and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a 
predicted nonessential amino acid residue in an Rpl-blb2 is preferably replaced with 
another amino acid residue from the same family. Alternatively, in another embodi- 
ment, mutations can be introduced randomly along all or part of an Rpi-blb2 coding 
sequence, such as by saturation mutagenesis, and the resultant mutants can be 

15 screened for an Rpi-blb2 activity described herein to identify mutants that retain 

Rpi-blb2 activity. Following mutagenesis, of one of the sequences of SEQ ID No: 1 or 3 
or 5 or 6, the encoded protein can be expressed recombinantly and the activity of 
the protein can be determined using, for example, assays described herein (see J 
Examples). 

20 

In one embodiment, in the method of present invention the activity of Rpi-blb2 protein 
and of a further resistance protein is increased. 

It is expected, that under field conditions the presence of more than one resistance 
gene is benefical. in particular genes conferring resistance to the same pathogen. In 

25 case a pathogen isolate, e.g. a P. infestans isolate, is present that is able to overcome 
resistance of one of the R-genes, the other one or more R-gene(s) is/are still functional 
making ft impossible to infect the plant The present of two undefeated 
R-genes strongly reduces the chance that a pathogen, in particular a P. infestans iso- 
late, is able to mutate into an isolate that can overcome two or more R-genes. 

30 In the following "resistance polypeptide- or "resistance protein' relates to a polypeptide 
which (increased) activity will confer resistance to a susceptible strain ("wild type" or 
"reference"). Accordingly, Rpi-b!b2 is a resistance protein as well as e.g. Rpi-blb (or 
RB). A "further resistance protein" relates to an other resistance protein than the pro- 
tein of the present invention, whereas the term "resistance protein" comprises the poly- 

35 peptid of the present invention as well as one or more further resistance protein(s). It is 
further understood, that the term "and a further resistance protein" relates to one or 
more .! u ! ther resistance Proteins. Thus, the activity of one or more resistance proteins 
- can be increased. Further resistance proteins are described below. foi^veYrg^erally "~ • 
any other known resistance protein can be co-expressed with the polypeptid of the pre- ' " 
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sent invention or its activity can be Increased by any of the methods described herein 
for Rpi-blb2. 

In a preferred embodiment, the further resistance protein comprises a LRR domain and 
5 a P-loop. 

The cloning and molecular characterisation of over 30 plant disease resistance (fl) 
genes conferring resistance to bacteria, fungi, oomycetes, viruses, nematodes, or in- 
sects has allowed their classification in structural classes regaidless of pathogen speci- 
fici ^ (^viewed in Dangl and Jones, 2001). The most abundant class of characterised 

1 0 R genes, comprising about 0.5 percent of the genes predicted in the Arabidopsis ge- 
nome, is predicted to encode intracellular proteins that carry leucine-rich repeat (LRR) 
and nucleofide-binding site (NBS) domains, motifs also found in other receptor and 
signal transduction proteins. NBS-LRR R proteins differ primarily at the N-terminus that 
either exhibits sequence similarity to the Dmsophila Toll protein and the mammalian 

1 5 interleukin-1 receptor domain (TIR-NBS-LRR), or code for a coiled-coils structure (CC- 
NBS-LRR), sometimes in the form of a leucine zipper (LZ-NBS-LRR. Although maybe 

membrane associated, NBS-LRR proteins are predicted to be cytoplasmic. In contrast, 
two other classes of R proteins that carry LRRs are predicted to span the cell mem- 
brane, with an extracellular LRR domain: the LRR-transmembrane (LRR-TM) Cf pro- 
20 teins and the LRR-TM-kinase Xa2i protein. Characterised R proteins that lack LRRs 
are the Pto gene from tomato, the Hs J"-' gene from beet, the mlo gene from barley, 
the Rpw8 genes from Arabidopsis and the Rpgi gene from barley. 
According to the gene-for-gene hypothesis, disease resistance follows perception by 
plant R proteins of pathogen effector molecules with avirulence (Aw) function, thereby 
25 initiating through some kind of eiicitor recognition complex, signal transduction path- 
ways leading to a hypersensitive response (HR). In common with other receptors it is 
generally considered that NBS-LRR ff proteins have a modular structure with separate 
recognition and signalling domains, whereby the LRR is the candidate recognition do- 
main and the N-terminal region including the NBS, the major signalling domain. Func- 
30 tional analysis of recombinant R proteins indicates that recognition specificity indeed 
resides in the LRR. Moreover, the LRR is the most variable region in closely related 
NBS-LRR proteins and is under selection to diverge. However, evidence is accumulat- 
ing that LRRs also contribute to signalling through negative regulation involving puta- 
tive intramolecular interactions. Currently, five R genes have been cloned from potato, 
including two R genes conferring resistance to late blight, and all belong to the CC/LZ- 
NBS-LRR class of plant R genes. While the $. demissum 'derived Rl gene confers 
race specific resistance to late blight, the recently cloned $. bulbocastanum derived 

~9er\* RpWb (or RB) confers full resistance to a range of PI ihfestahs isolates carrying - 

multiple virulence factors and race-specificity has not yet been demonstrated: Further- 
more, as described before, progeny plants of somatic hybrids containing Rpi-bfb were 



35 
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unaffected by late blight on field experiments in Mexico, where nearly every race of the 
fungus is found. Through complementation of the susceptible phenotype In cultivated 
potato and tomato the potential of interspecific transfer of broad-spectrum late blight 
resistance to cultivated Solanaceae from sexually incompatible host species by trans- 
5 formation with single cloned R genes was demonstrated. US 6, 127,607 describes 
resistance proteins with LRR domains and P-loops. The content of US 6,127,607 is 
herewith incorporated by reference. In particular columns 6 to 8 and col. 1 1 describe 
LRR domains and P-Ioops. Furthermore Song, 2003, PNAS, 100, 16, 9128 shows a 
comparison of Rpi-blb LRR motifs in Fig. 4 and gives on pages 91 32 an overview, about 
10 LRR domains. The domains of the polypeptid of the present invention are shown in Fig. 
14 as well as in Fig. 15. 

Preferably the activity of one or more resistance protein(s) selected from the group 
consisting of Rpi-blb, R1, R-ber, Rpi1, R2, R3. R4, R5. R6. R7, R8, R9, R10. Rll. 
15 Ph-1 , Ph-2 and Ph-3 is increased. Preferred is that also the Rpi-blb activity is in- 
creased. 

In one embodiment of the present invention, the expression of an, e.g. transgenic, Rpi- 
blb2 protein is increased and further a transgenic resistance gene's expression is in- 
20 creased. The resistance protein coexpressed with the Rpi-blb2 is preferably one of the 
resistance proteins mentioned herein, in particular Rpi-blb, Rl , Rpi1 , R-ber, R2, R3, 
R6, R7, Ph-1 ; Ph-2 or Ph-3 but can also be one of the others resistance to plant patho- 
gens conferring proteins known to a person skilled in the art. 

As mentioned, the term "increased experssion" according to this invention also includes 
25 a de novo- Expression of a polynucleotide or polypeptide! 

Most preferred is an increase of resistance via coexpression of the polypeptid of the 
present invention together with Rpi-blb. Rpi-blb and Rpl-blb2 provide both full resis- 
tance in detached leaf assays to P, infestans isolates as described in the examples, 
30 and in Song 2003, PNAS, 100, 16, 9128. 

Said resistance conferring genes are for example described in 
RB (synonym of Rpiblb): AY336128 [gl: 32693280], (Song et a., 2003). BAC clones 
177 013 and CB3A14 comprising the Rpi-blb gene have been deposited in GenBank 
35 with accession nos AY303171 and AY303170. 

R1: AF447489 [gi: 9117432422], (Ballvora et a., 2002) 

Rpil: Kuhl, J.C., Hanneman, R.E., and Havey, M.J,, (2201) Characterization and map- 
— ping pf Rpi1 r a late blight resistance-lqcus: from diploid (1EBN) Mexican. Solanum pirtrV -• *•-«•*.•«.» 
natisectum. Molecular genet Genomics 265: 977-985. _ v 
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R-ber: Ewing, E.E., Simko, J., Smart, CO.. Bonierbale, M.W., Mlzubuti. ESG May 
G.D., and Fry, W.E, (200) Genetic mapping from field tests of qualitative and quantita- 
We resistance to Phytophthora infestans in a population derived from Solanum tubero- 
sum and Solanum berthauWi. Molecular breeding 6:25-36. 
5 R2: LI, X., vanEck, H.J., vanderVoort, J.N.A.M., Huigen, D.J., Stam, P., and Jacobsen 
E. (1998) Autotetrapioids and genetic mapping using common AFLP markers: the R2 ' 
allele conferring resistance to Phytophthora infestans mapped on potato chromosome 
4. Theoretically and Applied Genetics 96 (8): 1 121-1 12. 
R3, R6> R7: Elkharbotly, a.. Palomlnosanchez, C. Salamini. F., Jacobsen, E., and 
Gebhardt, c. (1996) R6 and R7 alleles of potato conferring race-specific resistance to 
Phytophthora infestans (Mont) de Bary identified genetic loci clustering with the R3 
loons on chromosome XI. Theoretical and Applied. Genetics 92 (7): B80-884 
Ph-1 : Bonde and Murphy (1952) Main Agric. Exp. Stn. Bull. No 497 
Ph-2: Moreau, P., Thoquet, P., Olivier, J., Laterrot, H., and Grimsley, N.H. (1998) Ge- 
netic mapping of Ph-2. a single locus controlling partial resistance to Phytophthora in- 
fastens in tomato. Molecular Plant Microbe Interactions 1 1 (4)- 259-269 
Ph-3: Chunwongse J. Chunwongse, C, Black. L. and Hanson. P. (2002) Molecular 
mapping of the Ph-3 gene for late blight resistance in tomato. Journal of Horticultural 
Science & Biotechnology 77 (3): 281-286, 
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n one embodiment, the acitlvity of the Rpi-blb2 protein is Increased or the polynucleo- 
sis ~ = r 6nti0n IS ex P ressed to 9 ether wrth a nucleic acid molecule encoding Rpi- 
bib. R1, R-ber, Rph. R2. R3. R6, R7, Ph-1. Ph-2 and/or Ph-3 selected from the group 
consistrng of: r 

a) nucleic acid molecule encoding at least a mature form of a Rpi-blb (or RB-) poly- 

t^TJlZ^l SeqUenC6 8h ° Wn ,n GenBank ACCe5Si0 " AY336128 

(g,: 32693280J, or the Rl polypeptide as encoded by the sequence shown in Gerv 

Bank Accession no, AF447489 (gi 91 1 7432422], or a nucleic acid molecule encod- 
ing at least a mature form of a resistance conferring protein mapped and character- 
rf ^ ? ' RPH 10 KUW ' J ' C " Hanne ™". ™* Havey, M.J., (2001) 

HPn^r T mapPl " 9 ° f Rpi1 ' 3 ' ate Wi9ht r6sistance ,0CUS ^ diploid 
. (1 EBN) Mex.can Solanum pinnatisectum. Molecular genet. Genomics 265- 977- 

985; for R-ber in Ewlng, E.E.. Simko, I., Smart. CD., Bonierbale. M.W., Mizubuti, 
^ e G i G ;;-' and Ff * W E - < 2000 > Genetic mapping from field tests of quan- 
go and quantrtatve resistance to Phytophthora infestans in a population derived 
from Solanum tuberosum and Solanum berthauttii. Molecular breeding 6:25-36: for 
R2 »n U, X vanEck. H.J.. vanderVoort, J.N.A.M., Huigen. D.J., Stam, P., and 
......,, : . ;J acobsen^E. (1998) Autotetraploidsvand genetic mapping-using. common-AFLP^ - 

40 nlT; a " e,e C ° n,emng reSiStanCe t0 Ph ^Phthora infestans mappe*oh 
40 potato chromosome 4. Theoretically and Applied Genetics 96 (8): 1 121-1 128 for 



35 



Pmn-f U"11 /no ynnno in. i-<-» 



JG-2003 18:59 BflSF RG GUX C100 ■ 

A . +49 621 6021183 S. 021/221 

AgrIcoB.V. 20030596 PF 54801 

21 

R3, R6, R7 in Elkharbotly, A., Palominosanchez, C. Salaminl, R. Jacobsen, E., 
and Gebhardt, C. (1996) R6 and R7 alleles of potato conferring race-specific resis- 
tance to Phytophthom infestans (Mont) de Bary identified genetic loci clustering 
with the R3 locus on chromosome XI. Theoretical and Applied.Genetics 92 (7): 
5 880-884: for Ph-1 in Bonds and Murphy (1952) Main Agric. Exp. Sin. Bull. No 497- 
for Ph-2 in Moreau, P., Thoquet. p., Olivier, J., Laterrot, H., and Grimsley, N.H. 
(1998) Genetic mapping of Ph-2, a single locus controlling partial resistance to Phy- 
tophthora infestans in tomato. Molecular Plant Microbe Interactions 1 1 (4): 259- 
2S9; and for Ph-3 in Chimwongse, J., Chunwongse, C, Black, L, and Hanson P 
1 0 (2002) Molecular mapping of the Ph-3 gene for late blight resistance in tomato.' 
Journal of Horticultural Science & Biotechnology 77 (3): 281-286. 

b) nucleic acid molecule the nucleotide sequence of which is degenerate as a result of 
the genetic code to a nucleotide sequence of (a); 

c) nucleic acid molecule encoding a polypeptide derived from the polypeptide en- 

15 coded by a polynucleotide of (a) or (b) by way of substitution, deletion and/or addi- 
tion of one or several amino acids of the amino acid sequence of the polypeptide 
encoded by a polynucleotide of (a) or (b); 

d) nucleic add molecule encoding a polypeptide the sequence of which has an iden- 
tity of 70% or more to the amino acid sequence of the polypeptide encoded by a 

20 nucleic acid molecule of (a); 

e) nucleic acid molecules comprising a fragment or a epitope-bearing portion of a 
polypeptide encoded by a nucleic acid molecule of any one of (a) to (d); 

f) nucleic acid molecule encoding a fragment beginning with amino acid: i . 30, 50 
100, 200, 500, 1000. or 2000 and stopping with amino acid 2000, 1 000, 500 300 

.5 200,50,on of a polypeptide encoded by any one of (a) to (e) and with one of said 
activities; 

g) nucleic acid molecule comprising at least 20 nucleotides of a polynucleotide of anv 
one of (a) or (b); 7 



0 



h) nucleic acid molecule encoding a polypeptide being recognized by a monoclonal 
antibody that have been raised against a polypeptide encoded by a nucleic acid 
molecule of any one of (a) to (f); 

i) nucleic acid molecule obtainable by screening an appropriate library under strin- 
gent conditions with a probe having the sequence of the nucleic acid molecule of 
any one of (a) to (h) or of a fragment thereof of at least 20, preferable 30 or more 

5 nucleotides; and 

j) nucleic acid molecule the complementary strand of which hybridises under strin- 
gent conditions with a nucleic acid molecule of any one of (a) or (i)- 
- "brTHe "cbmpleme'ritoiy strand of anyone of (a)*^): ~ *"* v*^-^*. > 
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Accordingly, the method of present invention confers resistance of one of said plants, 
plant tissue or plant cell of the present invention to a plant pathogen of a phyllym 
Oomycetes, preferably to a pathogen of the order Pythiales or Peronosperales, more 
preferred to the family Pythiaceae or Peronosporaceae, more preferred of the genus 
5 Phytophthora or Bremia or Peronospera or Plasmopara, most preferred wherein the 
pathogen is of the species Phytophthora parasitica var. nlcotlanae (causing, amongst 
others, black shank in tobacco), Phytophthora sojae (causing Phytophthora root rot 
in soybean), Phytophthora capsicl (causing rots in pepper and cucurbits and tomato), 
Phytophthora, erythroseptica (causing Pink rot in potato), Plasmopara viticola (causing . 
10 grapevine downy mildew), Bremia lactuca (causing downy mildew in lettuce) or Pero- 
nospora tabaci (causing blue mould in tobacco). 

The activity of Rpi-blb2 in a plant, a plant cell, a plant tissue, a plant organ or part 
thereof according to the present invention can be increased, generated or stimulated 
15 via methods which are well known to a person skilled in the art and e.g. are described 
in Sambrooket a!., Cold Spring Harbor Laboratory Press, NY, 1989. 

Thus, in a preferred embodiment, the present invention relates to the method of the 
invention, wherein the expression Is a de novo expression. 

20 

The term u de novo-Expresston" as understood herein relates to a non-detectability of a 
polypeptide or polynucleotide. Preferred is that no gene encoding a polypeptideor a 
polynucletide which should be de novo-expressed is present in the genome. However, 
If the expression can not be detected, it is generally assumed that no expression 

25 occurs. A person skilled in the art, however, knows that the detection methods and 
means develop to higher sensitivity. Thus, de novo-Expresslon also relates to expres- 
sion in systems, where the level of expression fs to low to confer any resistance to a 
plant pathogen, A comparison of a knock out strain and a low-expression strain- 
Phenotyp can show, whether any difference in resistance to any of the herein men- 

30 tioned pathogens is observable. 

Accordingly, in another embodiment of the present invention, the endogenous activity 
of a Rpi-blb2 andfor a further resistance protein is increased. 
The level of expression in a cell can be increased by methods known to a person 
35 skilled in tha art. Several techniques are described herein, e.g. the transgenic 
expresiion of the polynucleotide or polypeptide of the present invention. The poly- 
nucleotide orj^iypeptide can be of foreign origin. Preferred that a polynucleoide of 
. . - ^ < ^ ^ game genitic origin then 1 thV host cell, plant cefF, plant tissue/plant 'isVtrdduced. -~ 
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The activity, in particular an endogenous activity but also the activity of a transgenic 
expressed Rpl-blb2 can be increased by several methods. Accordingly, in a preferred 
embodiment, the activity of the resistance proteins described herein is increased by 
one or more of the following steps 
5 a) stabilizing the resistance protein; 

b) stabilizing the resistance protein encoding mRNA; 

c) increasing the specific activity of the resistance protein; 

d) expressing or increasing the expression of a homologous or artificial transcription 
factor for resistance expression; . 

10 e) stimulate resistance protein activity through exogenous inducing factors; 

f) expressing a transgenic resistance gene; and/or 

g) increasing the copy number of the resistance encoding gene. 

In general an activity in a organism, in particular in a plant cell, a plant, or a plant tissue 
15 can be increased by increasing the amount of the specific protein, Le. of the resistance 
protein, in said organism, "Amount of protein" is understood as meaning the amount of 
a polypeptide, preferably Rpi-blb2, in an organism, a tissue, a cell or a cell compart- 
ment "Increase 0 of the amount of protein means the quantitative Increase of the 
amount of a protein in an organism, a tissue, a cell or a cell compartment - for example 
20 by one of the methods described herein below - in comparison with the wild type of the 
same genus and species, to which this method had not been applied, under otherwise 
identical conditions (such as, for example, culture conditions, plant age and the like). 
The increase amounts to at least 10%, preferably at least 20% or at least 50%, espe- 
cially preferably at least 70% or 90%, very especially preferably at least 1 00%, most 
25 preferably at least 200% or more. * 

"Increase" of the activity is understood as meaning the reduction of the total activity of 
a rotein in an organism, a tissue, a cell or a cell compartment in comparison with the 
wild type of the same genus and species, to which this method had not been applied, 
30 under otherwise identical conditions (such as, for example, culture conditions, plant 
age and the like). The increase amounts to at least 10%, preferably at least 20% or at 
least 50%, especially preferably at least 70% or 90%, very especially preferably at least 
1 00%, most preferably at least 200% or more. 

35 In mis context, the efficacy of the pathogen resistance can deviate both downward 
or pward in comparison with a value obtained when Increasing one of the Rpi-blb2 
proteins as shown in SEQ ID NO: 2 or 4. Preferred functional equivalents are those in 
which the efficacy of the pathogen resistance - 1 measured, for example, by the pene- * - ' : - 
tration efficacy of a pathogen or as described herein - differs by not more than*50%. 

40 preferably 25%, especially preferably 10% from a comparative value obtained by 

reducing an Rpi-blb2 protein as shown in SEQ ID NO: 2 or 4- Especially preferred are 
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ducing an Rpl-blbZ protein as shown in SEQ ID NO: 2 or 4. Especially preferred are 
those sequences where the increase increases the efficacy of pathogen resistance 
quantitatively by more than 50%, preferably 100%, especially preferably 500%, very 
especially preferably 1000% based on a comparative value obtained by reducing one 
of the Rpi-blb2 proteins as shown in SEQ ID NO: 2 or 4. 

Any comparison is preferably carried out under analogous conditions. "Analogous con- 
ditions means that all conditions such as, for example, culture or growing conditions 
- ^ conditions < such 38 bu «°r, temperature, substrates, pathogen concentration 
and the like) are kept identical between the experiments to be compared and that the 
set-ups differ only by the sequence of the Rpi-blb2 polypeptides to be compared, their 
organism of origin and, if appropriate, the pathogen. When choosing the pathogen, 
each comparison requires that the pathogen be chosen which is most similar to the 
other equivalent, taking into consideration the species specificity. 

Due to the increased Rpi-blbZ activity, the resistance of a plant or a part thereof is 
increased. In a preferred embodiment, the method of the present invention results 
in reduction in the sporulation index of at least 30% after infection with P. inf estans 
compared to a wild type, more preferred is a reduction of 50%, even more preferred 
are 70%, even more preferred are more than 80%. more preferred are 85% and 90% 
Most preferred is 95% or more. 

Accordingly, the present invention also relates to said polynucleotide of the invention 
as defined above, is polynucleotide encoding a Rpi-blb2 protein comprising a nucleic 
25 acid molecule selected from the group consisting of: 

a) nucleic acid molecules encoding at least the mature form of the polypeptide de- 
picted in SEQ ID NO: 2 or 4; 

b) nucleic acid molecules comprising the coding sequence as depicted in SEQ ID 
NO: 1 or 3 or 5 or 6 or encoding at least the mature form of the polypeptide- 

30 c) nucleic acid molecules the nucleotide sequence of which is degenerate as a result 
of the genetic code to a nucleotide sequence of (a) or (b); 

d) nucleic acid molecules encoding a polypeptide derived from the polypeptide en- 
coded by a polynucleotide of (a) to (c) by way of substitution, deletion and/or addi- 
ton of one or several amino acids of the amino acid sequence of the polypeptide 

35 encoded by a polynucleotide of (a) to (c); 

e) nucleic acid molecules encoding a polypeptide the sequence of which has an iden- 

nucleic acid molecule of (a) or (b); .... v 
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f) nucleic acid molecules comprising a fragment or a epitope-bearing portion of a 
polypeptide encoded by a nucleic acid molecule of any one of (a) to (e); 

g) nucleic acid molecules comprising a polynucleotide having a sequence of a nucleic 
acid molecule amplified from a nucleic acid library using the primers as listed in 

5 Tab. 3b, preferably ARF1 F or ARF1 R; 

h) nucleic acid molecules encoding polypeptide fragment beginning with amino acid: 
1, 30, 50, 100, 200, 300, 500. or 1000 and stopping with amino acid 1276, 1000, 
500, 300, 200, 5.0, or 30 of a polypeptide encoded by any one of (a) to (g); 

i) nucleic acid molecules comprising at least 20 nucleotides of a polynucleotide of 
1 0 any one of (a) or (d); 

j) nucleic acid molecules encoding a polypeptide being recognized by a monoclonal 
antibodies mat have been raised against a polypeptide encoded by a nucleic acid 
molecule of any one of (a) to (h); 

k) nucleic acid molecules obtainable by screening an appropriate library under strin- 
1 5 gent conditions with a probe having the sequence of the nucleic acid molecule of 
any one of (a) to (j) or of a fragment thereof of at least 15. preferable 3P, 60, 90 or 
more nucleotides; and 

I) nucleic acid molecules the complementary strand of which hybridises under strin- 
gent conditions with a nucleic acid molecule of any one of (a) or (k); 
20 or the complementary strand of any one of (a) to (I); 

or encoding a polypeptide encoded by a segment of chromosome 6 or of linkage group 

6 of Solanum bulbocastanum which co-segregates with a marker selected from table 

3a or 3b and which mediates resistance to plant pathogens, preferably of the phylum 

Oomyceta; 

25 and whereby the polynucleotide has not the sequence of Mil .1 or Mil .2, as e.g. des- 
picted in Seq. ID NO.: 7 and 9. 

In. an further embodiment, the polynucleotide of the present invention is derived or iso- 
lated from the genome of a organsim selected from the group consisting of Menyan- 

30 thaceae, Solanaceae, Sclerophylacaceae, Duckeodendraceae, Goetzeaceae, Convol- 
vulaceae, Cuscutaceae, Polemoniaceae, and Hydrophyllaceae according to the Sys- 
teme Naturae 2000, Brands, S.J., Amsterdam or has its origin thereof, more preferably 
it is selected from the group consisting of Atropa, Browallia, Brunfelsia, Capsicum, Ces- 
A . . trum » ?y ph , om 5 nclra ' Datura. Fabiana, Franclscea, Hyoscyamus, Lycium, Mandragora, 

35* Nicahdri Nicot^ Soiaiium according to the -~ """ 

SyStema Naturae 2000. Brands, S.J.. Amsterdam or has its origin thereof, even more 
preferred is a selection out of the group consisting of Solanceae family, preferably 
S. bulbocastanum, potato (S. tuberosum), tomato (S. tyccopersicum), petunia, tree 
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tomato (S. betaceum), pear melon (S. muricatum) and eggplant (S. melongena). 
Even more preferred are tomato or potato or S. bulbocastanum as source for the 
polynucleotide of the present invention. Most preferred is S. bulbocastanum as source. 



5 Rpi-blb2 has been isolated from S. tuberosum material derived form ABPT. Thus, 
taxonomic perspective the Rpi-blb2 described is also S. tuberosum-derived. However, 
the gene was present on an introgression fragment presumably derived from 
S. bulbocastanum. A lot of S. tuberosom varieties contain introgression fragments of 
related Solanum species, but still are S^tuberosurn. Therefore, S. tuberosum canac- 
10 cording to the taxonomical system also be a source for the polynucleotid of the present 
• invention, in particular ABPT-drived S. tuberosum, as well as other varieties of other 
Solanum species varieties derived in a similar way. 

Accordingly, in another embodiment the polynucleotid of the present invention is 
derived from S. tuberosum. 

13 .... 

A polynucleotide of the present invention, e.g., a nucleic acid molecule having a 
nucleotide sequence of Seq ID NO: 1 or 3 or 5 or B, or a portion thereof, can be iso- 
lated using standard molecular biology techniques and the sequence information pro- 
vided herein. For example, Rpi-blb2 cDNA can be isolated from a library using all 

20 or portion of one of the sequences of the polynucleotide of the present invention as 
a hybridization probe and standard hybridization techniques (e.g., as described in 
Sambrook et al.. Molecular Cloning: A Laboratory Manual. 2*, ed., Cold Spring Harbor 
Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 
Moreover, a polynucleotide encompassing all or a portion of one of the sequences of 

25 the polynucleotide of the present invention can be isolated by the polymerase chain 
reaction using oligonucleotide primers designed based upon this sequence (e.g.. a 
nucleic acid molecule encompassing all or a portion of one of the sequences of poly- 
nucleotide of the present invention can be isolated by the polymerase chain reaction 
using oligonucleotide primers as mentioned above, designed based upon this same 

30 sequence of polynucleotide of the present invention. For example, mRNA can be iso- 
lated from cells, e.g. S. bulbocastanum or another plant (e.g., by the guanidinium- 
thiocyanate extraction procedure of Chirgwin et al. (1979) Biochemistry 1 8: 5294-5299) 
and cDNA can be prepared using reverse transcriptase (e.g., Moloney MLV reverse 
transcriptase, available from Gibco/BRL, Bethesda, MD; or AMV reverse transcriptase, 

35 available from Seikagaku America, Inc., St Petersburg, FL). Synthetic oligonucleotide 

primers fdr-polymerase chain fettpKoo amplification can be designed based -■uporroner — . - 

of the nucleotide sequences shown in SEQ ID No: 1 or 3 or 5 or 6: A polynucleotide 

of the invention can be amplified using cDNA or, alternatively, genomic DNA, as 

a template and appropriate oligonucleotide primers according to standard PCR amplifi- 
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cation techniques. The polynucleotide so amplified can be cloned into an appropriate 
vector and characterized by DIMA sequence analysis. Furthermore, oligonucleotides 
corresponding to an Rpi-blb2 nucleotide sequence can be prepared by standard syn- 
thetic techniques, e.g., using an automated DNA synthesizer 

5 

In an embodiment of the present invention is the Rpi-blb 2 protein is encoded by 
a segment of chromosome 6 or linkage group 6 of Solanum bulbocastanum or 
S. tuberosum. 

Further the present invention comprises a segment of chromosome 6 or linkage 
10 group 6 of S. bulbocastanum or S. tuberosum, in one preferred embodiment in 

the method of the present invention the Rpi-blb2 protein expressed is encoded 

by a polynucleotide comprising a segment of chromosome 6 or linkage group 6 
* of 5. bulbocastanum. Preferably said segment a group comprises further cis acting 

element, e.g. promoters, enhancers; binding sites etc. or trans acting elements, like 
15 cof actors, activators or other resistance proteins, which confer a increased resistance. 

Genomic fragments comprising the Rpi-blb2 gene and further regulatory elements are 

depicted in Seq. ID NO.: 5 and 6. 

A person skilled in the art knows how to obtain a chromosome segment, e.g. by cloning 
chromosome fragments into BACs, s. for example Song, 2003, PNAS, 100, 16, gi28 or 
20 as described herein and in the references cited herein. 

Accordingly, in a further embodiment the polynucleotide of the present invention or a 
polynucleotide encoding the Rpi-blb2 protein co-segregates with a marker selected 
from table 3a or comprises a replication site or hybridization site for said marker. As 
25 described in detail in the examples, the resistance to P. infestans could be mapped 
with the markers depicted in table 3a or 3b. As closer a marker is localized to a gene, 
as higher is the percentage of lines in which the marker co-sogregates with said mar- 
ker. Therefore in a preferred embodiment, the polynucleotide of the present invention 
co-sogregates with the Marker E40M58, CT1 19 and/or CT216. 

30 

In a further embodiment, the present invention relates to a method for making a 
recombinant vector comprising inserting the polynucleotide of the present invention into 
a vector or inserting said polynucleotide and a further resistance protein into a vector. 

35 Accordingly, in one further embodiment, the present invention relates to a vector con- 
taining the polynucleotide of the present invention or said polynucleotide and a further 
resistance gene or produced by the method of the present invention. 
" As* used herein, the term "vecto^refefe to a nucleic acid molecule capable gf transport- 
ing a polynucleotide to which it has been linked". One type of Vector is a "plasmid", 

40 which refers to a circular double stranded DNA loop into which additional DNA seg- 
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ments can be IJgated. Another type of vector is a viral vector, wherein additional DNA 
or PIMA segments can be ifgated into the viral genome. Certain vectors are capable of 
autonomous replication in a host cell into which they are introduced (e.g.. bacterial vec- 
tors having a bacterial origin of replication and episomal mammalian vectors), other 
5 vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of a 
host cell upon introduction into the host cell, and thereby are replicated along with the 
host genome. Moreover, certain vectors are capable of directing the expression of 
genes to which they are operative^ linked. Such vectors are referred to herein as 
- "expression vectors". In general, expression vectors of utility in recombinant DNA tech- 
1 0 nlques are often in the form of plasmids. In the present specification, "plasmid" and 
"Vector can be used interchangeably as the plasmid is the most commonly used form 
of vector. However, the invention is intended to include such other forms of expression 
vectors, such as viral vectors (e.g.. replication defective retroviruses, adenoviruses and 
adeno-associated viruses), which serve equivalent functions. 
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The present Invention also relates to cosmids, viruses, bacteriophages and other 
vectors used conventionally in genetic engineering that contain a nucleic acid molecule 
according to the Invention. Methods which are well known to those skilled in the art can 
be used to construct various plasmids and vectors; see, for example, the techniques 
described in Sambrook. Molecular Cloning A Laboratory Manual. Cold Spring Harbor 
Laboratory (1989) N.Y. and Ausubel, Current Protocols in Molecular Biology Green 
Publishing Associates and Wiley Interscience, N.Y. (1989). Alternatively, tee nucleic 
acid molecules and vectors of the invention can be reconstituted into liposomes for 
delivery to target cells. 

In another embodiment, the vector of the present invention or the method of the pre- 
sent invention the vector or the method is characterized therein, that the polynucleotide 
encoding Rpi-blb2 protein or a further resistance protein is operatively linked to expres- 
s.on control sequences and/or a linked to a nucleic acid sequence encoding a trans- 
genic expression regulating signal allowing expression in prokaryotic or eukaryotic host 
•cells. 

In a preferred embodiment, the present invention relates to a vector of the present In- 
vention or the method of the present invention in which the polynucleotide encoding 
Rp.-blb2 protein and/or the further resistance protein is operatively linked to expression 
control sequences of the same species origin as the polynucleotide encoding Rpi-bib2 
protein and/or the further resistance protein. 

in the case thafa nucteiaacid molecule according to the invention is expressed in a 
cell it is in principle possible to modify the coding sequence in such a way that the pro- 
tein is located in any desired compartment of the plant cell. These include the nucleus 
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endoplasmatic reticulum, the vacuole, the mitochondria, the plastids like amyloplasts, 
chloroplasts. chromoplasts, the apoplast. the cytoplasm, extracellular space, oil bodies, 
peroxisomes and other compartments of plant cells (for review see Kermode, Crit. Rev. 
Plant Sci. 15, 4 (1996), 285-423 and references cited therin). The polynucleotide can 
5 then operatively be fused to an appropriate polynucleotide, e.g., a vector, encoding a 
signal for the transport into the desirable compartment. 

In an other preferred embodiment of the present invention relates to a vector in which 
the polynucleotide of the present invention, is operatively linked to expression control 
1 0 sequences allowing expression in prokaryotic or eukaryotic host cells. The nature of 
such control sequences differs depending upon the host organism. In piokaryotes. con- 
trol sequences generally include promoter, ribosomal binding site, and terminators. In 
eukaryotes, generally control sequences include promoters, terminators and, in some 
instances, enhancers, transactivators: or transcription factors. 

15 

The term "control sequence" is Intended to include, at a minimum, components the 
presence of which are necessaiy for expression, and may also include additional ad- 
vantageous components. 

20 The term "operably linked" refers to a juxtaposition wherein the components so 

described are in a relationship permitting them to function in their intended manner. A 
control sequence "operably linked" to a coding sequence is llgated In such a way that 
expression of the coding sequence is achieved under conditions compatible with the 
control sequences. In case the control sequence is a promoter, it is obvious for a 

25 skilled person that double-stranded nucleic acid is used. 

Operable linkage is to be understood as meaning, for example, the sequential ar- 
rangement of a promoter with the nucleic acid sequence to be expressed and, if appro- " 
priate, further regulatory elements such as, for example, a terminator in such a way 
that each of the regulatory elements can fulfil its function when the nucleic acid se- 

30 quence is expressed recombinantly, depending on the arrangement of the nucleic acid 
sequences in relation to sense or antisense RNA. To this end, direct linkage In the 
chemical sense is not necessarily required. Genetic control sequences such as. for 
example, enhancer sequences, can also exert their function on the target sequence 
from positions which are further away, or indeed from other DNA molecules. Preferred 

35 arrangements are those in which the nucleic acid sequence to be expressed recombi- 
nantly is positioned behind the sequence acting as promoter, so that the two se- 
quences are linked covalently to each other. The distance between the promoter se- 
quence and the nucleic-acid sequence to be expressed recombinantly is preferably- - - 
less than 200 base pairs, especially preferably less than 1 00 base pairs, very espe- 

40 dally preferably less than 50 base pairs. 
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Operable linkage, and an expression cassette, can be generated by means of custom- 
ary recombination and cloning techniques as are described, for example, In Maniatis T, 
Fritsch EF and SambrookJ (1989) Molecular Cloning; A Laboratory Manual, Cold 
Spring Harbor Laboratory, Cold Spring Harbor (NY), in Silhavy TJ, Berman ML and 
5 Enquist LW (1984) Experiments with Gene Fusions. Cold Spring Harbor Laboratory, 
Cold Spring Harbor (NY), in Ausubel FM et al. (1 987) Current Protocols In Molecular 
Biology, Greene Publishing Assoc. and Wiley Intersclence and in Gelvin et al. (1990) 
Ih: Plant Molecular Biology Manual. However, further sequences which, for example, 

. . act as a.linker.wrth specific cleavage sites for restriction enzymes, or as a signal pep- . ... 

1 0 tide, may also be positioned between the two sequences. The insertion of sequences 
may also lead to the expression of fusion proteins. Preferably, the expression cassette, 
consisting of a linkage of promoter and nucleic acid sequence to be expressed, can 
exist in a vector-integrated form and be inserted into a plant genome, for example by 
transformation. 



Such regulatory sequences are described, for example, in Goeddel; Gene Expression 
Technology: Methods in Enzymology 185. Academic Press, San Diego, CA (1990) or 
see: Gruber and Crosby, in: Methods in Plant Molecular Biology and Biotechnolgy, 
CRC Press,Boca Raton. Florida, eds.:Giick and Thompson, Chapter 7. 89-108 includ- 

20 ing the references therein. Regulatory sequences include those which direct constitu- 
tive expression of a nucleotide sequence in many types of host cell and those which 
direct expression of the nucleotide sequence only in certain host cells or under certain 
conditions. It will be appreciated by those skilled in the art that the design of the ex- 
pression vector can depend on such factors as the choice of the host cell to be trans- 

25 formed, the level of expression of protein desired, etc. The expression vectors of the 
invention can be introduced into host cells to thereby produce proteins or peptides, 
including fusion proteins or peptides, encoded by polynucleotides as described herein. 

The recombinant expression vectors of the invention can be designed for expression of 
30 said resistance proteins, preferably Rpi-b!b2, in prokaryotic or eukaryotic cells. For 
example, genes encoding the polynucleotide of the invention can be expressed in bac- 
terial cells such as E. coli, C. glutamicum, Agrobacterium tumefaciens, insect cells 
(using baculovirus expression vectors), yeast and other fungal cells (see Romanos, 
(1992), reasf 8: 423-488; van den Hondel, (1991) J.W. Bennet & LL Lasure, eds.,' 
35 p. 396-428: Academic Press: San Diego; and van den Hondel, (1991) in: Applied 
Molecular Genetics of Fungi, Peberdy, eds.. p. 1-28, Cambridge University Press: 
Cambridge), algae (Falciatore etal., 1999. Marine Biotechnology.1, 3:239-251), and 
multicellular plaDi cells (see Schmidt, R. (1988). Plant Cell Rep.: 583-586); Piantiyip r - • . • 
lecular Biology and Biotechnology, C Press. Boca Raton, Florida, chapter 6/7, S.71 - ' 
40 1 1 9 (1 993): F.F. White, B. Jenes et al., Techniques for Gene Transfer, in: Transgenic 
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Plants, Vol. 1, Engineering and Utilization, eds,:Kung und R. Wu, Academic Press 
(1993), 128-43; Potrykus, Annu. Rev. Plant Physiol. Plant Molec. Biol. 42 (1931), 205- 
225 (and references cited therein) or mammalian cells. Suitable host cells are dis- 
cussed further in Goeddel, Gene Expression Technology: Methods in Enzymology 
185, Academic Press, San Diego, CA (1990), Alternatively, the recombinant expres- 
sion vector can be transcribed and translated in vitro, for example using T7 promoter 
regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out with vectors containing 
constitutive or inducible promoters directing the expression of either fusion or nori- 
f uslon proteins. Fusion vectors add a number of amino acids to a protein encoded 
therein, usually to the amino terminus of the recombinant protein but also to the C- 
terminus or fused within suitable regions in the proteins. Such fusion vectors typically 
serve three purposes: 1 ) to increase expression of recombinant protein; 2) to increase 
the solubility of the recombinant protein; and 3) to aid in the purification of the recombi- 
nant protein by acting as a ligand in affinity purification. Further, the fusion vector can 
also encode for additional proteins, which expression supports an increase of the activ- 
ity of Rpi-blb2 or of the resistance of a plant against plant pathogens, e.g. other resis- 
tance proteins. Often, in fusion expression vectors, a proteolytic cleavage site is intro- 
duced at the junction of the fusion moiety and the recombinant protein to enable sepa- 
ration of the recombinant protein from the fusion moiety subsequent to purification of 
the fusion protein. Such enzymes, and their cognate recognition sequences, include 
Factor Xa, thrombin and enterokinase. 

Typical fusion expression vectors include pGEX (Pharmacia Biotech Inc; Smith, D.B, 
and Johnson, K.S. (1988) Gene 67:31-40), pMAL (New England Biolabs, Beverly, MA) 
and pRIT5 (Pharmacia, Piscataway, NJ). 

Examples of suitable inducible non-fusion E coli expression vectors include pTrc 
(Amann (1988) Gene 69:301-315) and pET 11d (Studier et aL, Gene Expression Tech- 
nology: Methods in Enzymology 1 85, Academic Press, San Diego, California (1 990) 
60-89. 

One strategy to maximize recombinant protein expression is to express the protein in a 
host bacteria with an impaired capacity to proteolytically cleave the recombinant protein 
(Gottesman, S., Gene Expression Technology: Methods in Enzymology 185, Academic 
Press, San Diego, California (1990) 1 19-128). Another strategy is to alter the nucleic 
acid sequence of the nucleic acid to be inserted into an expression vector so that the 
individual codons for each amino acid are those preferentially utilized in the bacterium 
choserrfoYuexpression, such as E: colior C. glutamicum (Wada et al. (1992)rWi/cte;c^ 
Acids Res. 20:21 1 1-21 1 8). Such alteration of nucleic acid sequences of the invention * 
can be carried out by standard DNA synthesis techniques. 



ll-flUG-2003 19:03 BASF RG GUX C100 +4 g S21 s 02 1183 S.032^221 

Agrico B.V. 20030596 PF 54801 



32 

Further, the vector can be a yeast expression vector. Examples of vectors for expres- 
sion in yeast 3. cerivisae include pYepSed (Baldari, et a!., (19B7) EmboJ, 6:229-234), 
pMFa (Kuijan and Herskowitz, (1982) Celt 30:933-943), pJRYBS (Schultz et al., (1987) 
Gene 54:1 1 3-1 23), and pYES2 (Invitrogen Corporation, San Diego, CA). 

5 

Preferably, the polynucleotide of the present invention or described herein is opera- 
tive^ linked to a plant expression control sequences, e.g. expression cassettes plant 
expression cassette preferably contains regulatory sequences capable to drive gene 

.... expression in plants cells and which are operably linked so that eacn sequence can 

10 fulfil its function such as termination of transcription such as polyadenylation signals. 
Preferred polyadenylation signals are those originating from Agrobacterium tume- 
faciens t-DNA such as the gene 3 known as octopine synthase of the Ti-plasmid 
PT1ACH5 (Qielen et al., EMBO J. 3 (1984), 835 ff) or functional equivalents therof 
but also all other terminators functionally active in plants are suitable. 

15 As plant gene expression is very often not limited on transcriptional levels as plant 
expression cassette preferably contains other operably linked sequences like trans- 
lation^! enhancers such as the overdrive-sequence containing the 5'-untranlated leader 
sequence from tobacco mosaic vims enhancing the protein per RIMA ratio (Gallie et al 
1 987, Nucl. Acids Research 1 5:8693.871 1 ). 

20 

Accordingly, the polynucleotide described herein can be operably linked to an appro- 
priate promoter conferring gene expression in a timely, cell or tissue specific manner. 
Preferrred are promoters driving constitutitive expression (Benfey et al., EMBO J. 8 
(1989) 2195-2202) like those derived from plant viruses like the 35S CAMV (Franck et 
25 al., Cell 21(1980) 285-294), the 19S CaMV (see also US5352605 and WO8402913) or 
plant promoters like those from Rubisco small subunit described in US 4962028. 

The term plant-specific promoters is understood as meaning, in principle, any promoter 
which is capable of governing the expression of genes, in particular foreign genes, in 
30 plants or plant parts, plant cells, plant tissues or plant cultures. In this context, expres- 
sion can be, for example, constitutive, inducible or development-dependent. 
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The following are preferred: 

a) Constitutive promoters 

5 Preferred vectors are those which make possible. constitutive expression in plants 
(Benfey et al. (1 989) EMBO J 8:21 95-2202). "Constitutive" promoter is understood as 
meaning those promoters which ensure expression in a large number of, preferably all, 
tissues over a substantial period of plant development, preferably at all stages of plant 
. development. In particular a plant promoter or a promoter derived from a plant vims are 

10 preferably used. Particularly preferred is the promoter of the CaMV cauliflower mosaic 
virus 35S transcript (Franck et al. (1 980) Cell 21 :285-294; Odell et al. (1 985) Nature 
313:810-812; Shewmaker et al. (1985) Virology 140:281-288; Gardner et al. (1986) 
Plant Mol Biol 6:221- 228) or the 19S CaMV promoter (US 5.352.605; WO 84/02913; 
Benfey et al. (1989) EMBO J 8:2195-2202). Another suitable constitutive promoter is 

15 the "Rubisco small subunit (SSU)" promoter (US 4,962,028), the leguminB promoter 
(GenBank Acc. No. X03677), the Agrobacterium nopaline synthase promoter, the TR 
dual promoter, the Agrobacterium OCS (octopine synthase) promoter, the ubiquitin 1 
promoter (Holtorf S et al. (1995) Plant Mol Biol 29:637-649), the ubiquitin 1 promoter 
(Christensen et al. (1992) Plant Mol Biol 18:675-689; Bruce et al. (1989) Proc Natl 

20 Acad Sci USA 86:9692-9696), the Smas promoter, the cinnamyl alcohol dehydro- 
genase promoter (US 5,683,439), the promoters of the vacuolar ATPase subunlts or 
the promoter of a proline-rich protein from wheat (WO 91/13991 ), and further promot- 
ers of genes whose constitutive expression in plants is known to the skilled worker. 

25 b) Tissue-specif ic promoters 

Preferred are furthermore promoters with specificity forthe anthers, ovaries, flowers;- - 
leaves, stems, roots and seeds. 

30 Seed-specific promoters 

such as, for example, the phaseolin promoter (US 5,504,200; Bustos MM et al. (1989) 
Plant Cell 1(9):839-53), the 2S albumin gene promoter (Joseffson LG et al. (1987) J 
Biol Chem 262:12196-12201), the legumin promoter (Shirsat A et al. (1989) Mol Gen 
Genet 215(2): 326-331), the USP (unknown seed protein) promoter (Baumlein H et al. 

35 (1991) Mol Gen Genet 225(3):459-67), the napin gene promoter (US 5,608,152; 
Stalberg K et al. (1996) L Planta 199:515-519), the sucrose binding protein promoter 
(WO 00/26388) orthe legumin B4 promoter (LeB4; Baumlein H et al. (1991) Mol Gen 

~ Genet 225: 121-128: Baeumlein etal: (1992) Plant Journal 2(2)233-9; Fiedler u at ai; ! - " 

(1995) Biotechnology (NY) 13(10):1090f), the Arabidopsis oleosin promoter v. 

40 (WO 98/45461 ), the Brassica Bce4 promoter (WO 91/13980). Further suitable seed- 
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specific promoters are those of the genes encoding the high-molecular-weight glutenin 
(HMWG), gliadin, branching enzyme, ADP glucose pyrophosphatase (AGPase) or 
starch synthase. Furthermore preferred are promoters which permit seed-specific ex- 
pression in monocots such as maize, barley, wheat, rye, rice and the like. The following 
5 can be employed advantageously: the promoter of the Ipt2 or lpt1 gene (WO 95/1 5389, 
WO 95/23230) or the promoters described in WO 99/16890 (promoters of the hordein ' 
gene, the glutelin gene, the oryzin gene, the prolamin gene, the gliadin gene, the glute- 
lin gene, the zein gene, the kasirin gene or the secalin gene). 

1 0 Tuber-, storage-root- or root-specific promoters such as, for example, the patatin pro- 
moter class I (333), the potato cathepsin D inhibitor promoter 

Leaf-specific promoters 

such as the potato cytosolic FBPase promoter (WO 97/05900). the Rubisco (ribulose- 
1 5 1 ,5-bisphosphate carboxylase) SSU (small subunit) promoter or the ST-LSI promoter 
from potato (Stockhaus et al. (1989) EMBO J 8:2445-2451). Very especially preferred 
are epidermis-specific promoters such as, for example, the OXLP gene (oxalate- 
oxidase-like protein) promoter (Wei et al. (1998) Plant Mol. Biol. 36:101-112). 

20 Flower-specific promoters 

such as. for example, the phytoene synthase promoter (WO 92/16635) or the promoter 
of the P-rr gene (WO 98/22593). 

Anther-specific promoters 

25 such as the 5126 promoter (US 5.689,049, US 5,689.051), the glob-l promoter and the 
y-zein promoter. 

c) Chemically Inducible promoters 



30 
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The expression cassettes can also comprise a chemically inducible promoter (review 
article: Gatz et al. (1997) Annu Rev Plant Physiol Plant Mol Biol 48:B9-108), by which 
the expression of the exogenous gene in the plant at a particular point in time can be 
controlled. Such promoters such as, for example, the PRP1 promoter (Ward et al 
(1993) Plant Mol Biol 22:361-366), a salicyiic-acld-inducible promoter (WO 95/19443) 
a benzenesulfonamlde-inducible promoter (EP 0 388 1 86), a tetracyclin-inducibie pro- 
moter (Gatz et al. (1992) Plant J 2:397-404), an abscisic-acid-inducible promoter 
(EP 0 335 528) or an ethanol- or cyclohexanone-inducible promoter (WO 93/21334) 
can-likewise be used.'- " — •--•l^'-" " - • .... .. . 
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d) Stress- or pathogen-inducible promoters 

Further preferred promoters are those which are Induced by biotic or abiotic stress 
such as, for example, the pathogen-inducible promoter of the PRP1 gene (Ward et al. 
5 (1 993) Plant Mol Biol 22:361 -366), the tomato high-temperature-inducible hsp70 or 
hsp80 promoter (US 5,187,267), the potato low-temperature-inducible alpha-amylase 
promoter (WO 96/12814), the llght-inducibte PPDK promoter, orthe wounding-induced 
pinll promoter (EP375091). 

1 0 Pathogen-inducible promoters encompass those of genes which are Induced as a con- 
sequence of infection by pathogens, such as, for example, genes of PR proteins. SAR 
proteins, B-1,3-glucanase, chitinase and the like (for example Redolfi et al. (1983) Neth 
J Plant Pathol 89:245-254; Uknes, et al. (1992) The Plant Cell 4:645-656- Van Loon 

(1985) Plant Mol Viral 4:11 1-1 16; Marfneau et al. (1987) Plant Mol Biol 9:335-342; Mat- 
15 ton et al. (1 987) Molecular Plant-Microbe Interactions 2:325-342; Somssich et al. ' 

(1986) Proc Natl Acad Sci USA 83:2427-2430; Somssich et al. (1988) Mol Gen Genet- 
ics 2:93-98; Chen et al. (1996) Plant J 1 0:955-965; Zhang and Sing (1994) Proc Natl 
Acad Sci USA 91:2507-2511; Warner, et al. (1993) Plant J 3:191-201; Siebertz et al 
(1989) Plant Cell 1:961-968(1989). 

20 Also encompassed are wounding-inducible promoters such as that of the pinll gene 
(Ryan (1990) Ann Rev Phytopath 28:425-449; Duan etal. (1996) Nat Biotech 14:494- 
498), of the wunl and wun2 gene (US 5,428,148), of the wim and win2 gene (Stanford 
etal. (1989) Mol Gen Genet 21 5:200-208), of systemin (McGurletal. (1992) Science 
225:1570-1573), of the WIP1 gene (Rohmeier et al. (1993) Plant Mol Biol 22:783-792- 

»5 Eckelkamp et al. (1993) febs Utters 323:73-76), of the MP! gene (Corderok et al 
(1994) The Plant J 6(2):141-150) and the like. 
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e) Development-dependent promoters 

Further suitable promoters are, for example, fruft-maturation-specific promoters such 
as, for example, the tomato f ruit-maturation-specif ic promoter (WO 94/21 794, 
EP 409 625). Development-dependent promoters comprfss partly the tissue-specific 
promoters, since individual tissues develop by nature in a development-dependent 
fashion. 

It can be advantageously that the polypeptide of the present invention is only active or 
has only an increased activity in the tissuB which is transfected or penetrated by the 
• pathogen mentioned hereirv. Especially preferred are constitutive promoters and leaf^ — 
and/or stem-specific, pathogen-inducible and epidermis-specific promoters, with patho- 
gen-.nduc.ble and epidermis-specific promoters being most preferred. Also preferred is 
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the natural promoter, which is e.g. comprised in the genomic fragment 
depicted in Seq. ID NO.: 5 and 6. 

Furthermore, further promoters may be linked operably to the nucleic acid sequence to 
5 be expressed, which promoters make possible the expression in further plant tissues or 
in other organisms, such as, for example, E coli bacteria. Suitable plant promoters are, 
in principle, all of the above-described promoters. 

- - - The term "genetic control sequences" is to be understood in the broad sense arid refers 
1 0 to also all those sequences which have an effect on the materialization or the function 
of the expression cassette according to the invention. For example, genetic control 
sequences modify the transcription and translation in prokaryotic or eukaryotic organ- 
isms. Preferably, the expression cassettes according to the invention encompass the 
promoter with specificity for the embryonal epidermis and/or the flower 5*-upstream of 
15 the nucleic acid sequence in question to be expressed recombinantly, and 3'- 

downstream a terminator sequence as additional genetic control sequence and, it ap-. . . 
propriate, further customary regulatory elements, in each case linked operably to the 
nucleic acid sequence to be expressed recombinantly. 

Genetic control sequences also encompass further promoters, promoter elements or 
20 minimal promoters, all of which can modify the expression-governing properties. Thus, 
for example, the tissue-specific expression may additionally depend on certain stress- 
ore, owing to genetic control sequences. Such elements have been described, for ex- 
ample, for water stress, abscislc acid (Lam E and Chua NH, J Biol Chem 1 991 ; 
266(26): 17131 -17135) and heat stress (Schoffl F et al., Molecular & General Genetics 
25 217(2-3):246-53, 1989). 

Further advantageous control sequences are, for example, the Gram-positive promot- 
ers amy and SP02, and the yeast or fungal promoters ADC1 , MFa , AC, P-60, CYC1 
GAPDH, TEF, rp28, ADH. 

30 

In principle, a|l natural promoters with their regulatory sequences like those mentioned 
above may be used for the method according to the invention. In addition, synthetic 
promoters may also be used advantageously. 

35 Genetic control sequences furthermore also encompass the 5-untranslated regions, 
.introns or noncoding 3'-region of genes, such as, for example, the actin-1 intron, or ' 
the Adh1-S introns 1 , 2 and 6 (general reference: The Maize Handbook, Chapter 1 1 6, 
Freeling aWd WalbotrEds., Springer, New. York (1994)). It has been-demonstrated tbatf- •- 
they may play a-significant role in the regulation of gene expressionr-Thus, it has been . 

40 demonstrated that 5'-untranslated sequences can enhance the transient expression of 
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heterologous genes. Examples of translation enhancers which may be mentioned are 
the tobacco mosaic virus 5* leader sequence (Gallie et al. (1987) Nucl Acids Res 
15:8693-871 1) and the like. Furthermore, they may promote tissue specificity (Roustei 
J etal. (1998) Plant J 15:435-440). 



The expression cassette may advantageously comprise one or more of what are 
known as enhancer sequences, linked operably to the promoter, which make possible 
an increased recombinant expression of the nucleic acid sequence. Additional advan- 
tageous sequences, such as further regulatory elements or terminators, may also be 
1 0 inserted at the 3' end of the nucleic acid sequences to be expressed recombinant^ 
One or more copies of the nucleic add sequences to be expressed recombinantly may 
be present in the gene construct. 

Polyadenylation signals which are suitable as control sequences are plant polyadenyla- 
1 5 tlon signals, preferably those which essentially correspond to T-DNA polyadenylation 
signals from Agrobacterium tumefaciens, in particular gene 3' of the T-DNA (octopin 
synthase) of the Ti piasmid pTiACHS (Gielen et al. (1984) EMBO J 3:835 et seq.) or 
functional equivalents thereof. Examples of terminator sequences which are especially 
suitable are the OCS (octopin synthase) terminator and the NOS (nopalin synthase) 
20 terminator. 

Control sequences are furthermore to be understood as those which make possible 
homologous recombination or insertion into the genome of a host organism or which 
permit removal from the genome. In the case of homologous recombination, for exam- 

25 pie the natural promoter of a particular gene may be exchanged for a promoter with 
specificity for the embryonal epidermis and/or the flower. Methods such as the cre/iox 
technology permit a tissue-specific, if appropriate inducible, removal of the expression 
cassette from the genome of the host organism (Sauer B (1998) Methods. 14(4):381- 
92). In this method, specific flanking sequences (lox sequences), which later allow 

30 removal by means of ere recombinase, are attached to the target gene. 

An expression cassette and the vectors derived from it may comprise further functional 
elements. The term functional element is to be understood in the broad sense and re- 
fers to all those elements which have an effect on the generation, amplification or func- 
35 tion of the expression cassettes, vectors or transgenic organisms according to the in- 
vention. The following may be mentioned by way of example, but not by limitation: 

Selection markers which confer a resistance to a-metabolism inhibitor suclras* •*. ' 
2-deoxyglucose-6-phosphate (WO 98/45456), antibiotics or biocides. preferably 
40 herbicides, such as. for example, kanamycin. G 41 8, bleomycin or hygromycin. 
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or else phosphinothricin and the like. Especially preferred selection markers are 
those which confer resistance to herbicides. Examples which may be mentioned 
are: DNA sequences which encode phosphinothricin acetyl transferases (PAT) 
and which inactivate glutamin synthase Inhibitors (bar and pat genes), 5-enol- 
5 pyruvylshikimate-3-phosphate synthase genes (EPSP synthase genes), which 

confer resistance to Glyphosater (N-(phosphonomethyl)glycine), the gox gene, 
which encodes Glyphosater-degrading enzymes (Glyphosate oxidoreductase), 
the deh gene (encoding a dehalogenase which inactivates dalapon), sulfonyl- 
""" "Jrea^ and imidazolinone^inactiyating acetolactate synthases, and bxn genes, " " 

10 which encode bromoxynil-degrading nitrilase enzymes, the aasa gene, which 

confers resistance to the antibiotic apectinomycin, the streptomycin phospho- 
transferase (SPT) gene, which allows resistance to streptomycin, the neomycin 
phosphotransferase (NPTII) gene, which confers resistance to kanamycin or 
geneticidin, thB hygromycln phosphotransferase (HPT) gene, which mediates 

1 5 resistance to hygromycln, the acetolactate synthase gene (ALS), which confers 

- resistance to sulfonylurea herbicides (for example mutated ALS. variants with, for 

example, the S4 and/br Hra mutation). 

b) Reporter genes which encode readily quantifiable proteins and, via their color or 
20 enzyme activity, make possible an assessment of the transformation efficacy, the 

site of expression or the time of expression. Very especially preferred in this con- 
text are genes encoding reporter proteins (Schenborn E, Groskreutz D. Mol Bio- 
technol. 1999; 13(1):29-44) such as the green fluorescent protein (GFP) (Sheen 
et al.(1995) Plant Journal 8(5):777-784; Haseloff et al.(1997) Proc Natl Acad Sci 

25 USA 94(6):2122-2127; Reichel et al.(l996) Proc Natl Acad Sci USA 93(12):5888- 

5893; Han et al. (1997) Plant Cell Rep 16:267-271 ; WO 97/41228; Chui WL et al. 
(1996) Curr Biol 6:325-330; Leffel SM et al. (1997) Biotechniques. 23(5):912-8), 
chloramphenicol transferase, a lucif erase (Ow et al. (1 986) Science 234:856- 
859; Millar et al. (1992) Plant Mol Biol Rep 10:324-414), the aequorin gene 

30 (Prasher et al. (1 985) Biochem Biophys Res Commun 1 26(3): 1 259-1 268). B- 
galactosidase, R locus gene (encoding a protein which regulates the production 
of anthocyanin pigments (red coloring) in plant tissue and thus makes possible 
the direct analysis of the promoter activity without addition of further auxiliary 
substances or chromogenic substrates; Deltaporta et al., In: Chromosome Struc- 

35 ture and Function: Impact of New Concepts, 18th Stadler Genetics Symposium, 

11:263-282, 1988), with ^-glucuronidase being very especially preferred (Jeffer- 
son et al.. EMBO J. 1987, 6, 3901-3907). 

. V .- ~- . ......^ -T^,. ........ ,. w , .... _ 

c) " Origins of replication, which ensure amplification of the expression cassettes or " 
40 vectors according to the invention in, for example, E. coli. Examples which may 
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be mentioned are ORI (origin of DNA replication), the pBR322 ori or the P15A ori 
(Sambrook et al.: Molecular Cloning. A Laboratory Manual, 2nd ed. Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 

5 d) Elements which are necessary for Agrobacterium-mediated plant transformation, 
such as, for example, the right or left border of the T-DNA or the vir region. 

To select cells which have successfully undergone homologous recombination, or else 
to. select transformed cells, It is, as a rule, necessary additionally to introduce a select 
1 0 able marker, which confers resistance to a biocide (for example herbicide), a metabo- 
lism inhibitor such as 2-deoxyglucose-6-phosphate (WO 98/45456) or an antibiotic to 
the cells which have successfully undergone recombination. The selection marker 
permits the selection of toe transformed cells from untransformed ones (McCormick et 
al. (1 986) Plant Cell Reports 5:81-84). 

15 

The introduction of an expression cassette according to the Invention into an organism 
or cells, tissues, organs, parts or seeds thereof (preferably into plants or plant cells, 
tissue, organs, parts or seeds) can be effected advantageously using vectors which 
comprise the expression cassettes. The expression cassette can be introduced into the 
20 vector (for example a plasmid) via a suitable restriction cleavage site. The plasmid for- 
med is first introduced into E. coll. Correctly transformed E. coli are selected, grown, 
and the recombinant plasmid is obtained by the methods familiar to the skilled worker. 
Restriction analysis and sequencing may serve to verify the cloning step. 

25 Further promoters for expression in specific plant parts are e.g. the napin-gene pro- 
moter from rapeseed (US5608152), the USP-promoter from Viciafaba (Baeumlein et 

al., Mol Gen Genet, 1 991, 225 (3):459-67), the oleosin-promoter from Arabidopsis 

(W09845461), the phaseolin-promoter from Phaseolus vulgaris (US5504200), the 
Bce4-promotBrfrom Brassica (W091 13980) or the legumln B4 promoter (LeB4; Bae- 

30 umlein et al.. 1 992, Plant Journal, 2 (2).233-9) as well as promoters conferring seed 
specific expression In monocot plants like maize, barley, wheat, rye, rice etc. Suitable 
promoters to note are the Ipt2 or Ipt1-gsne promoter from barley (W0951 5389 and 
WO9523230) or those desribsd in W0991 6890 (promoters from the barley hordein- 
gene. the rice glutelin gene, the rice oryzin gene, the rice prolamin gene, the wheat 

35 gliadin gene, wheat glutelin gene, the maize zein gene, the oat glutelin gene, the Sor- 
ghum kasirin-gene, the rye secalin gene). 

... . Further, the polynucleotide of toe-jnvegtion can be cloned into the expression vector in ■ • - - » 
an antisense orientation. That is; the DNA molecule is operatively Jinked to a regulatory 
40 sequence in a manner which allows for expression (by transcription of the DNA mole- 
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cute) of an RNA molecule which is antlsense to the mRNA encoded by the polynucleo- 
tide of the present Invention. Regulatory sequences operatively , fnK ed to a nucleic acid 
cloned in the antlsense orientation can be chosen which direct the continuous expres- 
• sion of the antisense RNA molecule in a variety of cell types, for instance viral promot- 
5 ers and/or enhancers, or regulatory sequences can be chosen which direct constitutive 
tissue specific or cell type specific expression of antisense RNA. The antisense ex- ' 
pression vector can be in the form of a recombinant plasmld, phagemid or attenuated 
v,rus in which antisense nucleic acid molecules are produced under the control of a 
h, 9 h effic,encv regulatory region; the activity of which can be determined by the "cell" 
10 type into which the vector is introduced. For a discussion of the regulation of gene 
expression using antisense genes see Weintraub, H. et al., Antisense RNA as a mo- 
lecular tool for genetic analysis, Reviews - Trends in Genetics, Vol. 1(1) 1986 and Mol 
et al., 1990, FEBS Letters 268:427-430. 

15 in one embodiment the present invention relates to a method of making a recombinant 

host cell comprising introducing the vector or the polynucleotide of the present inven 

tion or said vector or said polynucleotide and a vector for expressing a further resis- 
tance protein into a h03t cell. 

20 Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
transformation or transfection techniques. As used herein, the terms "transformation" 
and "transfechon", conjugation and transduction are intended to refer to a variety of art- 
recogmzed techniques for Introducing foreign nucleic acid (e.g., DNA) into a host cel. 
including calcium phosphate or calcium chloride co-precipitation, DEAE-dextran- ' 
25 mediated transfection, lipofection, natural competence, chemical-mediated transfer or 
n !n ,? h r at " e niem0dS ,0f or transf acting host cells including 

2nd. ed Cold Spnng Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold 

30 Bi'Zv ^tv H 98 ? ° ther ,ab ° rat0ry manua,S Su <» as M *hods * Molecular 
30 Biology 1995, Vol. 44. Agrobacterium protocols, ed: Gartland and Davey, Humana 
Press, Totowa, New Jersey. I dna 

For stable transfection of enkaryontic cells, it is known that, depending upon the ex- 
pression vector and transfection technique used, only a small fraction of cells may inte- 
grate the foreign DMA into their genome, in order to identify and select these inte- 
grants, a gene that encodes a selectable marker (e.g., resistance to antibiotics) Is gen- 
-4^^ VT ^ h0St 06115 3,009 Wit " the " ne of inte ' est ' Pr ^d Li 

»• mycmand methotrexate or in plants that corrfer resistance towards a herbicde such as - • 
g.vphosate or glufosinate. Nucleic acid encoding a selectable marker can be In^cTd 



35 
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Into a host cell on the same vector as that encoding the polypeptide of the present in- 
vention or can be introduced on a separate vector. Cells stably transfected with the 
introduced nucleic acid can be identified by, for example, drug selection (e.g., cells that 
have incorporated the selectable marker gene will survive, while the other cells die). 

Further host cells can be produced which contain selection systems which allow for 
regulated expression of the introduced gene. For example, inclusion of the polynucleo- 
tide of the invention on a vector placing it under control of the lac operon permits ex- 
pression of the polynucleotide only in the presence of IPTG. Such regulatory systems 
are well known In the art. 

Preferably, the introduced nucleic acid molecule is foreign to the host cell. 

By "foreign" it Is meant that the nucleic acid molecule is either heterologous with, re- 
spect to the host cell, this means derived from a cell or organism with a different ge- 
nomic background, or is homologous with respect to the host cell but located in a dif- 
ferent genomic environment than the naturally occurring counterpart of said nucleic 
acid molecule. This means that, if the nucleic acid molecule is homologous with respect 
to the host cell, it is not located in its natural location in the genome of said host cell, in 
particular it is surrounded by different genes. In this case the nucleic acid molecule 
may be either under the control of its own promoter or under the control of a heterolo- 
gous promoter. The vector or nucleic acid molecule according to the invention which is 
present in the host cell may either be integrated into the genome of the host cell or it 
may be maintained in some form extrachromosomally. In this respect it is also to be 
understood that the nucleic acid molecule of the invention can be used to restore or 
create a mutant gene via homologous recombination (Paszkowski (ed.), Homologous 
Recombination and Gene Silencing in Plants. Kluwer Academic Publishers (1994)). 

Accordingly, in another embodiment the present invention relates to a host cell geneti- 
cally engineered with the polynucleotide of the invention or the vector of the invention, 
or said vector or said polynucleotide and a vector or a polynucleotide for expressing a 
further resistance protein. 

The terms "host cell" and "recombinant host cell" are used interchangeably herein. 
It is understood that such terms refer not only to the particular subject cell but to the 
progeny or potential progeny of such a ceil. Because certain modifications may occur 
in succeeding generations due to either mutation or environmental influences, such 
progeny may. not in fact 5 vbe,identical.to the parent cell, but are stllMnduded within . the-., 
scope of the term as used herein. Vt 
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For example, an polynucleotide of the present invention can be introduced in bacterial 
cells, insect cells, fungal cells or mammalian cells (such as Chinese hamster ovary ' 
cells (CHO) or COS cells), algae, ciliates, plant cells or fungi. Suitable host cells are 
known to those skilled in the art. Preferred are E. coil, baculovirus, Agrobacterium or 
plant cells. 



10 



15 



20 



Further, the host cell can also be transformed such that further enzymes and proteins 
are (over)expressed which expression supports an increase of resistance of a plant to 
pathogens. Preferably, a further resistance genes is also expressed, preferably "one or 
more genes are as mentioned herein is/are expressed. Most preferred is a coexpres- 
sion of Rpi-blb2 and Rpi-blb. 

Further preferred are cells of one of herein mentioned plants, in particular, of one of the 
above-mentioned Solanaceae. most preferred are potato, tomato, petunia, tree tomato, 
pear melon or egg plant. 

In another embodiment, the present invention relates to a process for the production 
of the polypeptide of thB present invention, in particular of a protein having Rpi-blb2 
activity comprising culturing the host cell of the invention and recovering the poly- 
peptide encoded by said polynucleotide and expressed by the host cell from the culture 
or the cells. 



25 



30 



35 



The term "expression" means the production of a protein or nucleotide sequence in the 
cell. However, said term also includes expression of the protein in a cell-free system. 
It includes transcription into an RNA product, post-transcriptional modification and/or 
translation to a protein product or polypeptide from a DNA encoding that product, as 
well as possible post-translational modifications. 1 ' 

Depending on the specific constructs and conditions used, the protein may be re- 
covered from the cells, from the culture medium or from both. For the person skilled in 
the art it is well known that it is not only possible to express a native protein but also 
to express the protein as fusion polypeptides or to add signal sequences directing the 
protein to specific compartments of the host cell, e.g., ensuring secretion of the protein 
into the culture medium; etc Furthermore, such a protein and fragments thereof can be 
chemically synthesized and/or modified according to standard methods described, for 
example hereinbelow. 



A host cell-of the mention; such as a prSfcuyotlcofeu^ 

be used to produce (i.Cfexpress) the polypeptide encoded by the polynucleotide of the 



40 



invention, preferably a polypeptid having Rpi-blb2 activity. An alternate method can be 
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applied in addition in plants by the direct transfer of DNA Into developing flowers via 
electroporation or Agrobacterium medium gene transfer. Accordingly, the invention 
further provides methods for producing Rpi-blb2 using the host cells of the invention. 
In one embodiment, the method comprises culturing the host cell of invention in a suit- 
5 able medium such that the polypeptid of the present invention is produced. Further, the 
method comprises isolating recovering said polypeptid from the medium or the host 
cell. 

The polypeptide of the present invention is preferably produced by recombinant DNA 
10 techniques. For example, a nucleic acid molecule encoding the protein is cloned into 
an expression vector (as described above), the expression vector is introduced into a 
host cell (as described above) and said polypeptide is expressed in the host cell. Said 
polypeptide can then be isolated from the cells by an appropriate purification scheme 
using standard protein purification techniques. Alternative to recombinant expression. 
15 the polypeptide or peptide of the present invention can be synthesized chemically using 
standard peptide synthesis techniques. Moreover, native Rpi-blb2 can be isolated from 
cells (e.g., endothelial cells), for example using the antibody of the present invention 
as described below, in particular, an anti-Rpl-blb2 antibody, which can be produced 
by standard techniques utilizing the polypeptid of the present invention or fragment 
20 thereof, i.e., the polypeptide of this invention. 

In one embodiment, the present invention relates to a Rpi-blb2 protein or a protein 
having Rpi-blb2 activity. 

25 In one embodiment, the present invention relates to a polypeptide having the amino 
acid sequence encoded by a polynucleotide of the invention or obtainable by a process 
of the invention. 



The terms "protein" and "polypeptide" used in this application are interchangeable. 

30 "Polypeptide" refers to a polymer of amino acids (amino acid sequence) and does not 
refer to a specific length of the molecule. Thus peptides and oligopeptides are included 
within the definition of polypeptide. This term does also refer to or include post- 
translational modifications of the polypeptide, for example, glycosylatioris, acetylations, 
phosphorylations and the like. Included within the definition are, for example, poly- 

35 peptides containing one or more analogs of an amino acid (including, for example, un- 
natural amino acids, etc.), polypeptides with substituted linkages, as well as other 
modifications known in the art, both naturally occurring and norj-naturally occurring. 

Preferably, the polypeptlde-is isolated. An "isolated" or "purified" protein or biologically"- - - ■■■ . 
40 active portion thereof is substantially free of cellular material when produced by re- 
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combinant DNA techniques, or chemical precursors or other chemicals when chemi- 
cally synthesized. 



The language "substantially free of cellular material" includes preparations of the poly- 
5 peptide of the invention in which the protein is separated from cellular components of 
the cells in which it Is naturally or recombinantly produced. In one embodiment, the 
language "substantially free of cellular material" includes preparations having less than 
about 30% (by dry weight) of "contaminating protein", more preferably less than about 

20% of ."contaminating protein", still more preferably less than about 10% of "contami- 

1 0 nating protein", and most preferably less than about 5% "contaminating protein". The 
term "Contaminating protein" relates to polypeptides which are not polypeptides of the 
present invention. When the polypeptide of the present invention or biologically active 
portion thereof is recombinantly produced, it is also preferably substantially free of cul- 
ture medium, i.e., culture medium represents less than about 20%, more preferably 

15 less than about 10%, and most preferably less than about 5% of the volume of the 
protein preparation. The language "substantially free of chemical precursors or other 
chemicals" includes preparations in which the polypeptide or of the present invention is 
separated from chemical precursors or other chemicals which are Involved in the syn- 
thesis of the protein. The language "substantially free of chemical precursors or other 

20 chemicals" includes preparations having less than about 30% (by dry weight) of chemi- 
cal precursors or non-Rpl.blb2 chemicals, more preferably less than about 20% chemi- 
cal precursors or non- Rpl-blb2 chemicals, still more preferably less than about 10% 
chemical precursors or non- Rpi-blb2 chemicals, and most preferably less than about 
5% chemical precursors or non- Rpi-blb2 chemicals. In preferred embodiments, iso- 

25 lated proteins or biologically active portions thereof lack contaminating proteins from 
the same organism from which the polypeptide of the present invention is derived. 
Typically, such proteins are produced by recombinant . ■ 

A polypeptide of the invention can participate in the polypeptide or portion thereof com- 
30 prises preferably an amino acid sequence which is sufficiently homologous to an amino 
acid sequence of SEQ ID No: 2 or 4 such that the protein or portion thereof maintains 
the abHity to confer the resistance of the present invention. The portion of the protein is 
preferably a biologically active portion as described herein. Preferably, the polypeptide 
of the invention, has an amino acid sequence identical as shown In SEQ ID No: 2 or 4. 
35 Further, the polypeptide can have an amino acid sequence which is encoded by a nu- 
cleotide sequence which hybridizes, preferably hybridizes under stringent conditions as 
described above, to a nucleotide sequence of the polynucleotide of the present inven- 
tion. Accordingly; the polypeptide has an amino acid sequence which is encoded by a 
nucleotide sequence that is at least about .70%, preferably at least about 75% more 
40 preferably at least about 60%. 90%. 95%. and even more preferably at least about 
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96%, 97%, 98%, 99% or more homologous to one of the amino acid sequences 
of SEQ ID No: 2 or 4. The preferred polypeptide of the present Invention preferably 
possess at least one of the Rpi-blb2 activities described herein, e.g. its resistance or 
immunological activities. A preferred polypeptide of the present invention Includes an 
5 amino acid sequence encoded by a nucleotide sequence which hybridizes, preferably 
hybridizes under stringent conditions, to a nucleotide sequence of SEQ ID No: i or 3 or 
5 or 6 or which is homologous thereto, as defined above. 

Accordingly the polypeptide of the present invention can vary from SEQ ID No: 2, or 4 
10 in amino acid sequence due to natural variation or mutagenesis, as described in detail 
herein. Accordingly, the polypeptide comprise an amino acid sequence which is at least 
about 70%, preferably at least about 75%, and more preferably at least about 80, 90, 
95%, and most preferably at least about 96%. 97%, 98%, 99% or more homologous 
to an entire amino acid sequence of SEQ ID No:1 or 3 or 5 or 6. 

15 

Biologically active portions of an polypeptide of the present invention Include peptides 
comprising amino acid sequences derived from the amino acid sequence of an Rpi~ 
blbz, e.g., the amino acid sequence shown in SEQ ID No: 2 or 4 or the amino acid 
sequence of a protein homologous thereto, which include fewer amino acids than a full 

20 length Rpi-blb2 or the full length protein which is homologous to an Rpl-blb2 depicted 
herein, and exhibit at least one activity of Rpi-blb2. Typically, biologically (or immu- 
nologically) active portions i.e. peptides, e.g.. peptides which are, for example, 5 f 10, 
15, 20, 30, 35, 35, 37, 38, 39, 40, 50, 100 or more amino acids in length comprise a 
domain or motif with at least one activity or epitope of an Rpi-blb2. Moreover, other 

25 biologically active portions, in which other regions of the polypeptide are deleted, can 
be prepared by recombinant techniques and evaluated for one or more of the activities 
described herein. 

Manipulation of the Rpi-blb2 polynucleotide of the invention may result in the produc- 
30 tion of Rpi-blb2 having functional differences from the wild-type Rpl-bib2. These pro- 
teins may be improved in efficiency or activity, may be present in greater numbers in 
the cell than is usual, or may be decreased in efficiency or activity. 

Any mutagenesis strategies for Rpi-blb2 to result in increased said resistance or a 
35 resistance to another plant pathogen species or an other strain of a plant pathogen 

species aforementioned, of said compound are not meant to be limiting: variations on 

these strategies will be readily apparent to one skilled in the art. Using such strategies, 
• - - v- andijncorporating the mechanisms disclosed herein, the polynucleotide;-and polypepr 

tide of the invention may be utilized to generate plants or parts thereof, expressing.^ 
40 wildtyp Rpi-blb2 or mutated Rpi-blb2 polynucleotide and protein molecules such that 
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the yield, production, and/or efficiency of production of a desired compound is im- 
proved. This desired compound may be any natural product of plants, which includes 
the final products of biosynthesis pathways and intermediates of naturally-occurring 
metabolic pathways, as well as molecules which do not naturally occur In the metabo- 
5 lism of said cells, but which are produced by a said cells of the invention. 

The invention also provides chimeric or fusion proteins. 

„. As used herein, an "chimeric protein" or "fusion protein" comprises an polypeptide 
1 o operatively linked to a non- Rpi-blb2 polypeptide. 



- - * — — - — - • — * * — « - — : j. ah. 

An "Rpi-blb2 polypeptide" refers to a polypeptide having an amino acid sequence 
corresponding to polypeptide having a Rpi-blb2 f whereas a n non-Rpi-blb2 polypeptide 1 * 
refers to a polypeptide having an amino acid sequence corresponding to a protein 

15 which is not substantially homologous to the Rpi-blb2, e.g., a protein which does not 
confer the resistance described herein, in particular does not confer resistance to 
P. inf estans and which is derived from the same or a different organism . 
Within the fusion protein, the term "operatively linked 0 is intended to indicate that the 
Rpi-blb2 polypeptide and the non-Rpi-blb2 polypeptide are fused to each other so that 

20 both sequences fulfil the proposed function addicted to the sequence used. The non- 
Rpi-blb2 polypeptide can be fused to the N-terminus or C-terminus of the Rpi-blb2 
polypeptide. For example, in one embodiment the fusion protein is a GST-LMRP fusion 
protein in which the Rpi-blb2 sequences are fused to the C-terminus of the GST se- 
quences. Such fusion proteins can facilitate the purification of recombinant Rpi-blb2. In 

25 another embodl^ protein is an Rpi-blb2 containing a heterologous signal 

" sequence at its IM-terminus.* In certain host cells (e.g.. mammalian host cells)i expres^ 
sion and/or secretion of an Rpi-blb2 can be increased through use of a heterologous 
signal sequence. 

Preferably, an Rpi-blb2 chimeric or fusion protein of the invention is produced by stan- 
30 • dard recombinant DNA techniques. For example, DNA fragments coding for the differ- 
ent polypeptide sequences are ligated together in-frame in accordance with conven- 
tional techniques, for example by employing blunt-ended or stagger-ended termini for 
ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of co- 
hesive ends as appropriate, alkaline, phosphatasfctreatment to avoid undesirable join- 
35 ing, and enzymatic ligation. The fusion gene can be synthesized by conventional tech- 
niques including automated DNA synthesizers. Alternatively, PCR amplification of gene 
fragments can be carried out using anchor primers which give rise to complementary 
overhangs between two consecutive gene fragments which can subsequently be an- 
nealed and reamplified to generate a chimeric gene sequence (see, for example, Cur- 
40 rent Protocols in Molecular Biology, eds. Ausubel et al. John Wiley & Sons: 1 992). 
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Moreover, many expression vectors are commercially available that already encode a 
fusion moiety (e.g., a GST polypeptide). The polynucleotide of the invention can be 
cloned into such an expression vector such that the fusion moiety is linked in-frame to 
the encoded protein. 

5 

Furthermore, folding simulations and computer redesign of structural motifs of the pro- 
tein of the invention can be performed using appropriate computer programs (Ol- 
szewski. Proteins 25 (1996).' 286-299; Hoffman. Comput. Appl. Biosci. 11 (1995), 675- 
679). Computer modeling of protein folding can be used for the conformational and 

10 energetic analysis of detailed peptide and protein models (Monge, J. Mol. Biol. 247 
.... .v. (1995), 995-.1012; Renouf, Adv. Exp. Med..Bjol. 376 (1995). 37-45). In parjcujar, the m _ : a ..... 
appropriate programs can be used for the identification of interactive sites of mitogenic 
cyplin and its receptor, its ligand or other interacting proteins by computer assistant 
searches for complementary peptide sequences (Fassina, Irnmunomethods (1994), 

15 11 4-1 20. Further appropriate computer systems for the design of protein and peptides 
are described in the prior art, for example in Beny, Biochem. Soc. Trans. 22 (1 994), 
1033-1036; Wodaki Ann. N. Y. Acad. Sci. 501 (1987), 1-13; Pabo, Biochemistry 25 
(1 986), 5987-5991 . The results obtained from the above-described computer analysis 
can be used for, e.g., the preparation of peptidomimetics of the protein of the invention 

20 or fragments thereof. Such pseudopeptide analogues of the, natural amino acid se- 
quence of the protein may very efficiently mimic the parent protein (Benkirane, J. Biol. . 
Chem. 271 (1 996), 3321 8-33224). For example, incorporation of easily available 
achiral Q-amino acid residues into a protein of the invention or a fragment thereof re- 
sults in the substitution of amide bonds by polymethylene units of an aliphatic chain, 

25 thereby providing a convenient strategy for constructing a peptldomimetic (Banerjee, 
Biopolymers 39 (1996), 769-777). 

Superactive peptidomimetic analogues of small peptide hormones in other systems are 
described in the prior art (Zhang. Biochem. Biophys, Res. Commun. 224 (1996), 327- 
331 ). Appropriate peptidomimetics of the protein of the present invention can also be 

30 identified by the synthesis of peptidomimetic combinatorial libraries through successive 

amide alkylation and testing the resulting compounds, e.g., for their binding and-immu-rqes*^ 
nological properties. Methods for the generation and use of peptidomimetic combinato-^ 
rial libraries are described in the prior art, for example in Ostresh, Methods in Enzymol- 
ogy 267 (1 996), 220-234 and Dorner, Bioorg. Med. Chem. 4 (1 996), 709-71 5. 

35 Furthermore, a three-dimensional and/or crystallographlc structure of the protein of 
the invention can be used for the design of peptidomimetic inhibitors of the biological 
activity of the protein of the invention (Rose, Biochemistry 35 (1 996), 12933-12944; 
Rutenber, Bioorg. Med. Chem. 4 (1996),1545-1558). • — -7- - 
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In a further embodiment, the present Invention relates to an antibody that binds speci- 
fically to the polypeptide of the present invention or parts, i.e. specific fragments or epi- 
topes of such a protein. 

The antibodies of the invention can be used to identify and isoiate Rpi-blb2 and genes 
in any organism, preferably plants, prepared in plants described herein. These antibod- 
ies can be monoclonal antibodies, polyclonal antibodies or synthetic antibodies as well 
as fragments of antibodies, such as Fab v Fv or scFv fragments etc. Monoclonal anti- 
bodies can be prepared, for example, by the techniques as originally described in 
Kohler and Milstein, Nature 256 (1975), 495. and Galfr6, Meth, EnzymoL 73.(1981), 3, . 
which comprise the fusion of mouse myeloma cells to spleen cells derived from immu- 



nized mammals. 



Furthermore, antibodies or fragments thereof to the aforementioned peptides can be 
obtained by u$ing methods which are described, e.g., in Harlow and Lane "Antibodies, 
A Laboratory Manual", CSH Press, Cold Spring Harbor, 1988. These antibodies can be 
15 used, for example, for the immunoprecipitation and irnrnunolocalizaticn of proteins ac- 
cording to the invention as well as for the monitoring of the synthesis of such proteins, 
for exampie, in recombinant organisms, and for the identification of compounds inter- 
acting with the protein according to the invention. For example, surface plasmqn reso- 
nance as employed in the BIAcore system can be used to increase the efficiency of . 
20 phage antibodies selections, yielding a high increment of affinity from a single library of 
phage antibodies which bind to an epitope of the protein of the invention (Schier, Hu- 
man Antibodies Hybridomas 7 (1996), 97-105; Malmborg, J. Immunol. Methods 183 
(1995), 7-13), In many cases, the binding phenomena of antibodies to antigens is 
equivalent to other ligand/antl-iigand binding. 

25 

In one embodiment, the present invention relates to an. antisense nucleic acid molecule 
comprising the complementary sequence of the polypeptide of the present invention. 
Methods to modify the expression levels and/or the activity are known to persons 
skilled in the art and include for instance overexpression, co-suppression, the use of 
30 ribozymes, sense and anti-sense strategies, gene silencing approaches. "Sense 

:strand*rrefers toithestrand^otadoublerstranded DNA-mo!ecule:thatiS;homoiogous:to^a' - 
mRNA transcript thereof. The "anti-sense strand" contains an inverted sequence which 
is complementary to that of the "sense strand 0 . 
... An "antisense" nucleic acid molecule comprises a nucleotide sequence which is conv 
35 plementary to a "sense" nucleic acid molecule encoding a protein, e.g., complementary 
to the coding strand of a double-stranded cDNA molecule or complementary to an 
mRNA sequence. Accordingly, an antisense nucleic acid molecule can hydrogen bond 
• to a sense nucleic acid molecule*. The antisense nucleic acid molecule can be cornple- — 
mentary to an entire Rpi-blb2 coding strand, or to only a portion thereof. Accordingly, 
* 40 an antisense nucleic acid molecule can be antisense to a "coding region" of jhe coding**— « 
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strand of a nucleotide sequence of a polynucleotide of the present Invention. The term 
"coding region" refers to the region of the nucleotide sequence comprising codons 
which are translated Into amino acid residues. Further, the antisense nucleic acid 
molecule is antisense to a "noncoding region" of the coding strand of a nucleotide se- 

5 quence encoding Rpi-blb2, The term "noncoding region" refers to 5' and 3' sequences ' 
which flank the coding region that are not translated into a polypeptide, i.e., also re- 
ferred to as 5' and 3' untranslated regions (5 '-.UTR or 3'-UTR). 
Given the coding strand sequences encoding Rpi-blb2 disclosed herein, antisense nu- 
cleic acid molecules of the invention can be designed according to the rules of Watson 

10 and Crick base pairing. The antisense nucleic acid molecule can be complementary to 

. .^the entire coding region of RpKtrtbH mRNA, but canjalsobean oligonucleotide^whjch ; b M ^ 
antisense to only a portion of the coding or noncoding region of Rpi-blb2 mRNA. For 
example, the antisense oligonucleotide can be complementary to the region surround- 
ing the translation start site of Rpi-bib2 mRNA. An antisense oligonucleotide can be, for 

15 example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An an- 
tisense nucleic acid molecule of the invention can be constructed using chemical syn- 
thesis and enzymatic ligation reactions using procedures known in the art For exam- 
ple, an antisense nucleic acid molecule (e.g., an antisense oligonucleotide) can be 
chemically synthesized using naturally occurring nucleotides or variously modif ied nu- 

20 cleotides designed to increase the biological stability of the molecules or to increase 
the physical stability of the duplex formed between the antisense and sense nucleic 
acids, e.g., phosphorothloate derivatives and acridine substituted nucleotides can be 
used. Examples of modified nucleotides which can be used to generate the antisense 
nucleic acid include 5-fIuorouracil, 5-bromouracii, 5-chlorouracil, 5-iodouracil, hypoxan- 

25 thine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethyl- 
amlnomethyI-2-thiouridine f 5-carboxymethylaminomethyluracil, dihydrouracl!, beta-D- 
galactosylqueosine. inosine. N6-isopentenyladenirie, 1-methylguanine, 1 -methyl- 
inosine, 2,2-dimethyIguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 
. 5-methylcytosine, N6-adenine, 7-methylguanine, 5-methyfaminomethyluracil, 5-meth- 

30 oxyaminomethyl-2-thiouracil, beta-D-rrmnnosylqueosine, S'-methoxycarboxyrnethyl- 

uracil, 5-methoxyuracil, 2-methylthio-NB-isopentenyladenine, uracil-Sroxyacetic acid — ; 
(vj, wybutoxosine, pseudouracil, queoslne, 2-thiocytosine, 5-methyl«2-thiouracil, 2-thio- 
uracil, 4-thiouracil, 5-methyluracil, uracil-5- oxyacetic acid methylester, uracil-5-oxy- 
acetic acid (v), 5-rnethyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, 
— ' — —35 ~ and 2,6-diaminopurlne. • Aiternatively, the antisense nucleic acid can be produced bio- 
logically using an expression vector into which a polynucleotide has been subcloned in 
an antisense orientation (i.e,, RNA transcribed from the inserted polynucleotide will be 

of an antisense orientation to a target polynucleotide of interest, described further in the 

following subsection). 
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The antisense nucleic acid molecules of the invention are typically administered to a 
cell or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding an Rpi-blb2 to thereby inhibit expression of the protein, e.g., 
by inhibiting transcription and/or translation. The hybridization can be by conventional 
nucleotide complementarity to form a stable duplex, or, for example, tn the case of an . 
antisense nucleic acid molecule which binds to DNA duplexes, through specific inter- 
actions in the major groove of the double helix. The antisense molecule can be modi- 
fied such that it specifically binds to a receptor or an antigen expressed on a selected 
cell surface, e.g., by linking the antisense nucleic acid molecule to a peptide or an anti- 
body which binds to a cell surface receptor or antigen. The antisense nucleic adrf ^^ 



15 



20 



25 



30 



rasa: 



35 



40 



molecule can ateo^ejdeliyered:^^ 
sufficient intracellular concentrations of the antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a strong pro- 
Karyotic, viral* or eukaryotic Including plant promoters are preferred. 

In a further embodiment, the antisense nucleic acid molecule of the invention can be 
an -anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms spe- 
cific double-stranded hybrids with complementary RIMA in which, contrary to the usual 
units, the strands run parallel to each other (Gaultier et al. (1987) Nucleic Acids. Res. 
15:6625-6641). The antisense nucleic acid molecule can also comprise a 2'-o-rnethyN 
ribonucleotide (Inoue et al. (1987) Nucleic Acids Res. 15:6131-6148) or a chimeric 
RNA-DNA analogue (Inoue et al. (1987) FBBS Lett. 215:327-330). 
Further the antisense nucleic acid molecule of the invention can be a ribozyme, Ribo- 
zymes are catalytic RNA molecules with hbonuclease activity which are capable of 
cleaving a single-stranded nucleic acid, such as an mRNA, to which they have a 
complementary region. Thus, ribozymes (e.g., hammerhead ribozymes (described in 
Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to catalytically cleave 
Rpi-blb2 mRNA transcripts to thereby inhibit translation of mRNA. A ribozyme having 
specificity for an Rpi-blb2 -encoding nucleic acid molecule can be designed based 
upon the nucleotide sequence of an Rpi-blb2 cDNA disclosed herein or on the basis of 

—a- heterologous sequence to be isolated according to methods taught in this invention. 
For example, a derivative of a Tetrahymena L-19 IVS RNA can be constructed in 
which the nucleotide sequence of the active site Is complementary to the nucleotide 
sequence to be cleaved in an encoding mRNA..See, e.g., Cech etal. U.S. Patent 
No. 4,987,071 and Cech et al. U.S. Patent No. 5,1 16,742. Alternatively, Rpl-blb2 
mRNA can be used to select a catalytic RNA having a specific ribonuclease activity 

. from a pool of RNA molecules. See, e.g., Barrel, D. and Szostak, J.w. (1993) Science 
261:1411-1418. 

The antisense molecule of the present invention comprises also a polynucleotide com- 
- prising a nucleotide sequences complementary to the regulatory . region of an Rpi-blb2^ 
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nucleotide sequence, e.g,, its promoter and/or enhancers, e.g. to form triple helical 
structures that prevent transcription of the gene In target cells. See generally, Helene, 
C. (1991) Anticancer Drug Des. 6(6):569-84; Helene, C. et al. (1992) Ann. N.Y. Acad. 
Scf. 660:27-36; and Maher, LJ. (1992) Bioassays 14(12):807-15. 

5 

In addition, in one embodiment the present invention relates to a method for the pro- 
duction of transgenic plants, plant cells orplant tissue comprising the introduction of 
the polynucleotide or the vector of the present invention into the genome of said plant, 
plant tissue or plant cell. In a preferred embodiment, said vector or said polynucleotide 
1 0 and a vector or a polynucleotide forthe expression of a further resistance gene, in par- 
ticular for Rpi-blb, is also introduced into the genome of said plant, plant tissuejar p\m%mmm*mm* 
cell, before, after or together. , 

Forthe expression of the nucleic acid molecules according to the invention in sense or 

1 5 antisense orientation in plant cells, the molecules are placed under the control of regu- 
latory elements which ensure the expression in plant cells. These regulatory elements 
may be heterologous or homologous with respect to the nucleic acid molecule to be 
expressed as well with respect to the plant species to be transformed and are des- 
coribed above in detail. 

2o in general, such regulatory elements comprise a promoter active in plant cells. To ob- 
tain expression in all tissues of a transgenic plant, e.g. constitutive promoters 
are used, such as the 35 S promoter of CaMV (Odeil, Nature 313 (1985), 810-812) or 
promoters of the polyubiquitin genes of maize (Christensen, Plant Mol. Biol 1 8 (1 982), 
675-689). In order to achieve expression in specific tissues of a transgenic plant it is 

25 possible to use tissue specific promoters (see, e.g., Stockhaus* EMBO J. 8 (1 989), 
2245-2251). Known are also promoters which are specifically active in tubers of 
potatoes or in seeds of different plants species, such as maize, Vicia, wheat barley 
etc. Inducible promoters may be used in order to be able to exactly control expression. 
Inducible promoters comprise also promoters, which are induced by infections, of 

30 plants- Further embodiments are described above. 

In one embodiment, the present invention relates to a method for producing a plant or 
a part thereof resistant to a pathogen of the phylum Oomyceta comprising the steps: 
expressing in the plant or a part thereof the polypeptide of the present invention and a 
35 further resistance protein. 

Accordingly in one further embodiment, the present invention relates to transgenic 
plant or plant tissue of the invention or produced according to the method of the inven- 
- tion, which upon the presence of the polynucleotide or the vector is resistant to s^\ &^ ^ s ^^ 
pathogens, 

-w- M_mhrF>'*HWfrfr'*-f^ ' • • -Mtetw^M 
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The generation of a transformed organism (or of a transformed cell or tissue) requires 
introducing the DNA, RNA or protein in question into the relevant host cell. 
A multiplicity of methods are available for this procedure, which is termed transforma- 
tion (or transduction or transection) (Keown et al. (1990) Methods In Enzymology 
185:527 r 537). For example, the DNA or RNA can be introduced directly by microinjec- 
tion or by bombardment with DNA-coated microparticles. Also, the cell can be perme- 
abilized chemically, for example using polyethylene glycol, so that DNA can enter the 
cell by diffusion. The DNA can also be introduced by protoplast fusion with other DNA- 
cdntainirig units such as mlriicells, cells, lysosbmes or liposomes. Another suitable " 
method of introducing DNA is electroporation, where the cells are permeabillzed re- 
versibly by an electrical pulse* Suitable methods-have been described (for example by- 
Bilang etal. (1991) Gene 100:247-250; Scheid etal. (I99t) Mol Gen Genet 228:104- 
112; Guerche et al. (1987) Plant Science 52:111-1 16; Neuhause et al. (1987) Theor 
Appl Genet 75:30-36; Klein et al. (1987) Nature 327:70-73; Howell et al. (1980) 
Science 208:1265; Horsch et al.(1985) Science 227:1229-1231; DeBlock et al. (1989). 
Plant Physiology 91 :694-701 ; Methods for Plant Molecular Biology. (Weissbach and . 
Weissbach, eds.) Academic Press Inc. (1988); and Methods in Plant Molecular Biology 
(Schuler and Zielinski, eds.) Academic Press Inc. (1 989)). 



In plants, the above-described methods of transforming and regenerating plants from 
plant tissues or plant cells are exploited for transient or stable transformation. Suitable 
methods are especially protoplast transformation by polyethylene-glycol-induced DNA 
uptake, the biolistic method with the gene gun, what is known as the particle bom- 
bardment method, electroporation, incubation of dry embryos in DNA-containing solu- 
tion, and microinjection. 

In addition to these "direct" transformation techniques, transformation can also be ef- 
fected by bacterial infection by means of Agrobacterium tumefaciens or Agrobacterium 
rhizogenes. The Agrobacterium-mediated transformation is best suited to dicotyledo- 
nous plant cells. The methods are described, for example, by Horsch RB et al. (1965) 
Science 225: 1229f. 
^When^groba7aeria-ar^^ 

plasmids, either into a shuttle or intermediate vector, or Into a binary vector, if a Ti or Ri 
plasmid is to be used for the transformation, at least the right border, but in most cases 
the right and left-border, of the Ti or Rlplasmid T-DNA is linked to the expression cas- 
35 sette to be. introduced in the form of a flanking region. 

Binary vectors are preferably used. Binary vectors are capable of replication both in 

coll and in Agrobacterium. As a rule, they comprise a selection marker gene and a ■ 
linker or polyHnker flanked by the right and left T-DNA bortler sequence. They can be 
• 40 transferred directly into Agrobacterium- (Holsters et al. (1978) Mol Gen GeneM 63:181- 
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187). The selection marker gene permits the selection of transformed agrobacteria and 
is. for example, the nptll gene, which confers resistance to kanamycin. The Agrobacte- 
rium which acts as host organism in this case should already contain a piasmid with the 
vir region. The latter is required tor transferring the T-DNA to the plant celL Ah Agn> 
5 bacterium transformed in this way can be used for transforming plant cells. The use of 
T-DNA for transforming plant cells has been studied and described intensively 
(EP 120 516; Hoekema, In: The Binary Plant Vector System, Offsetdrukkerij Kanters 
B.V., Alblasserdam, Chapter V; An et aL (1985) EMBO J 4:277-287). Various binary 
vectors are known, some of which are commercially available such as, for example, 
1 0 pBI1 01 .2 or pBI N1 9 (Clontech Laboratories, Inc. USA). 
^, ...^ Further promoters.which^ 



(Rogers etal. (1987) Meth in Enzymol 153:253-277; Schardl et aL (1987) Gene 61:1- 
1 1 ; Berger et aL (1 989) Proc Natl Acad Sci USA 86:8402-8406). 

15 Direct transformation techniques are suitable for any organism and cell type. 

. .The piasmid used need not meet any particular requirements in the case of the injec- 
tion or electroporation of DNA or RNA into plant cells. Simple plasmids such as those 
of the pUC series can be used- If complete plants are to be regenerated from the trans- 
20 formed cells, it is necessary for an additional selectable marker gene to be located on 
the piasmid. 

Stably transformed cells, i.e, those which contain the introduced DNA integrated into 
the DNA of the host cell, can be selected from untransformed cells when a selectable 

25 marker is part of the DNA introduced. Examples of genes which can act as markers are 
all those which are capable of conferring resistance to antibiotics or herbicides (such as 
kanamycin, G 418, bleomycin, hygromycin or phosphinothricin) (see above). Trans- 
formed cells which express such marker genes are capable of surviving in the pres- 
ence of concentrations of a corresponding antibiotic or herbicide which kill an untrans- 

30 formed wild type. Examples are mentioned above and preferably comprise the bar 
gene,- whickconfers resistance to the herbicide phosphinothricin (Rathore KS et aL 
(1993) Plant Mol Biol 21(5):871-884), the nptll gene, which confers resistance to 
kanamycin, the hpt gene, which confers resistance to hygromycin, or the EPSP gene, 
which confers resistance to the herbicide Glyphosate, The selection marker permits the 

35 selection of transformed cells from untransformed cells (Mccormick et al. (1986) Plant 
Cell Reports 5:81-84). The resulting plants can be bred and hybridized in the custom- 
ary fashion. Twoor more generations should be grown in order to ensure that the ge- 

nomic integration is stable and hereditary. . . 
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The abovementioned methods are described, for example, in Jenes B et al.(1993) 
Techniques for Gene Transfer, in: Transgenic Plants, Vol. 1, Engineering and Utiliza- 
tion, edited by SD Kung and R Wu, Academic Press, pp. 1 28-1 43 and in Potrykus 

(1 991 ) Annu Rev Plant Physiol Plant Molec Biol 42:205-225). The construct to be ex- 
5 pressed is preferably cloned into a vector which is suitable for the transformation of 

Agrobacterium tumefaciens, for example pBfnl 9 (Bevan et al. (1984) Nucl Acids Res 
12:871 1f). 

- - As soon as a transformed plant ceil has been generated, a complete plant can be ob- 

1 0 tained using methods known to the skilled worker. For example, callus cultures are 
. JJsed as starting materiaLJTiejtevelopment of shoot and root can be induced in this as 
yet undifferentiated cell biomass in a known fashion. The shoots obtained can be 
planted out and bred. 

1 5 The skilled worker is familiar with such methods of regenerating intact plants from plant 
cells and plant parts. Methods to do so are described, for example, by Fennell et al. 

(1 992) Plant Cell Rep. 1 1 : 567-570; Stoeger et al (1 995) Plant Cell Rep. 1 4:273-278; 
Jahne et al. (1 994) Theor Appl Genet 89:525-533. 

20 The method according to the invention can advantageously be combined with further 
methods which bring about pathogen resistance (for example to insects, fungi, bacte- 
ria, nematodes and the like), stress resistance or another improvement of the plant 
properties. Examples are mentioned, inter alia, by Dunweli JM, Transgenic approaches 
to crop improvement, J Exp Bot. 2000:51 Spec No; pages 487-96. 

25 

Suitable strains of Agrobacterium tumefaciens and vectors as well as transformation 
of Agrobacteria and appropriate growth and selection media are well known to those 
skilled in the art and are described in the prior art (GV31 01 (pMK90RK), Koncz. Mol. 
Gen. Genet 204 (1986), 383-396; C58C1 (pGV 3850kan), Deblaere, Nucl. Acid Res. 
30 13 (1985), 4777; Bevan, Nucleic. Acid Res. 12(1984), 8711; Koncz, Proc. Natl. Acad. 
— Sci.- USA 86.(1989), 846ZA4Q; Koncz, Plant Mol.. Biol. 20,(1 9J2), 963-976; Koncz^ 



Specialized vectors for gene tagging and expression studies. In: Plant Molecular Biol- 
ogy Manual Vol 2, Gelvin and Schilperoort (Eds.), Dordrecht, The Netherlands: Kluwer 
Academic Publ. (1994)j 1-22; EP-A-120516; Hoekema; The Binary Plant Vector Sys- 
35 tern. Offsetdrukkerij Kanters B.V., Alblasserdam (1 985), Chapter V, Fraley, Crit. Rev. 
Plant. Sci., 4, 1-46; An, EMBO J. 4 (1985), 277-287). 

Although the use of Agrobacterium tumefaciens is preferred in the method of the inven- 
tion, other Agrobacterium strains,.such as Agrobacterium rhizogenes, may be used, for 
example if a phenotype conferred by said strain is desired. 



, rj 40 
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The transformation of most dicotyledonous plants is possible with the methods de- 
scribed above. But also for the transformation of monocotyledonous plants several 
successful transformation techniques have been developed. These include the trans- 
formation using biolistic methods as, e.g., described above as well as protoplast trans- 
" 5 formation, electroporation of partially permeabilized cells, introduction of DNA using 
glass fibers, etc. 

The term "transformation" as used herein, refers to the transfer of an exogenous 
polynucleotide into a host cell, Irrespective of the method used for the transfer. The 
polynucleotide may be transiently or stably introduced into the host cell and may be 
1 o maintained non-integrated, for example, as a plasmid or as chimeric links, or altema- 

then be used to regenerate a transformed plant in a manner Known by a skilled person. 

Accordingly, in one embodiment, the present invention relates to a plant cell comprising 
15 the polynucleotide the vector of the present Invention or obtainable by the method of 
the present invention. Preferably, the cell comprises a further resistance conferring 
polynucleotide or vector, more, preferred is a Rpi-blb encoding vector or polynucleotide. 

Thus, the present invention relates also to transgenic plant cells which contain (pref- 
20 erably stably integrated into the genome) a polynucleotide according to the invention 
linked to regulatory elements which allow expression of the polynucleotide in plant ceils 
and wherein the polynucleotide is foreign to the transgenic plant cell. For the meaning 
of foreign; see supra. 

Thus, the present invention also relates to transgenic plants and plant tissue comprise 
25 ing transgenic plant cells according to the invention. Due to the (over)expression of a 
polypeptide of the invention, said plant or plant tissues are resistance to plant patho- 
gens, in particular to Oomyceta. Preferably the plants are also resistance to other, 
pathogen, e.g. to sucking plant pathogens. Further pathogens are described herBin. 
Preferred is that said plants or plant tissue is resistance to Phythophthora species, 
30 most preferred to P. infestans* 
7— r — rr: — :For example^to obtain transgenic plants expressing the Rpi-blb2 gene, Its codingHre^gpfl* 
gion can be cloned, e.g., into the pBinAR vector (Hofgen und Willmitzer, Plant-Science, 
66, 1990, 221-230). For example, following a polymerase chain reaction (PCR) tech- 
nology the coding region of Rpi-blb2 can be amplified using Primers as shown in the 
35 examples and figures, e.g., in Table 3a in particular ARF1 F and ARF1 R. The obtained 
PCR fragment can be purified and subsequently the fragment can be cloned into a vec- 
tor. The resulted vector can be transferred into Agrobacterium turnefaciens. This strain 

. . can be used to transform and transgenic plants can. then.be selected in another em-, , ^ 

bodiment, the present invention relates to a transgenic plant or.plant tissue comprising 
40 the plant cell of the present invention. ^ 
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"Transgenic", for example regarding a nucleic acid sequence, an expression cassette 
or a vector comprising said nucleic acid sequence or an organism transformed with 
said nucleic acid sequence, expression cassette or vector, refers to all those constructs 
originating by recombinant methods in which either 

a) the Rpl-blb2 nucleic acid sequence, or 

b) a genetic control sequence linked operably to the RacB nucleic acid sequence, 
for example a promoter, or - - -...„...*. 



c) (a) and (b) 



are not located in their natural genetic environment or have been modified by recombi- 
nant methods, an example of a modification being a substitution, addition, deletion, 
inversion or insertion of one or more nucleotide residues. Natural genetic environment 
refers to the natural chromosomal locus in the organism of origin, or to the presence in 
a genomic library. In the case of a genomic library, the natural genetic environment of 
the nucleic acid sequence is preferably retained, at least in part. The environment 
flanks the nucleic acid sequence at least at one side and has a sequence of at least 
50 bp, preferably at least 500 bp, especially preferably at least 1000 bp, very especially 
preferably at least 5000 bp, in length, A naturally occurring expression cassette - for 
example the naturally occurring combination of the Rpi~blb2 promoter with Hib corre- 
sponding Rpi-blb2 gene - becomes a transgenic expression cassette when it is modi- 
fied by non-natural, synthetic "artificial" methods such as. for example, mutagenization. 
Such methods have been described (US 5,565,350; WO 00/15815; also see above). 

Further, the plant cell, plant tissue or plant can also be transformed such that further 
enzymes and proteins are (over)expressed which expression supports an increase of 
the plant's or the plant tissue s resistance, for example Rpi-blb, R1, R-ber. Rpi1, R2, 
R3, R4, R5, R6, R7, R8, R9, R10, R11, Ph-1, Ph-2 and/or Ph-3-proteins. Preferred is 
the coexpression of Rpi-blb and Rpi-blb2. 

The present invention also relates to cultured plant tissues comprising transgenic plant 
cells as described above which show expression of a protein according to the inven- 
tion. 

Host or starting organisms which are preferred as transgenic organisms are mainly 
plants in accordance with the above definition. Included within the scope of the inven- 
tion are all genera and species of higher and lower plants of the Plant Kingdom, 



40 



Furthermore included are the mature plants, seed, shoots and seedlings, and parts, 
propagation material and cultures derived therefrom, for example cell cultures. Mature 
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plants refers to plants at any developmental stage beyond that of the seedling. The 
term seedling refers to a young Immature plant in an early developmental stage. 

A* 

Any transformed plant obtained according to the invention can be used in a conven- 
5 tional breeding scheme or in in vitro plant propagation to produce more transformed 
plants with the same characteristics and/or can be used to introduce the same charac- 
teristic in other varieties of the same or related species. Such plants are also part of the 
invention. Seeds obtained from the transformed plants genetically also contain the 
same characteristic and are part of the invention. As mentioned before, the present 
10 invention is in principle applicable to any plant and crop that can be transformed with 
any of ths transf prmatig n B SSB^LISSS^S^ th^e ^tlte^n the art. 

In general, the plants which can be modified according to the invention and which ei- 
ther show overexpression of a protein according to the invention or a reduction of the 

1 5 synthesis of such a protein can be derived from any desired plant species. They can be 
monocotyledonous plants or dicotyledonous plants, preferably they belong to plant 
species of interest in agriculture, wood culture or horticulture interest, such as crop 
plants (e.g. maize, rice, barley, wheat, rye, oats etc.), potatoes, oil producing plants 
(e.g. oilseed rape, sunflower, pea nut, soy bean, etc,), cotton, sugar beet sugar cane, 

20 leguminous plants (e.g. beans, peas etc.), wood producing plants, preferably trees, etc r: 
However, plants which can be infected by Phythophtora species are preferred. 

Accordingly, in one embodiment the plant, plant cell or plant tlssuB of the invention or 
produced according to the method of the invention is selected from the group consist- , 

25 ing of Menyanttiaceae, Solanaceae, Sclerophylacaceae, Duckeodendraceae, Goetze- 
aceae, Convolvulaceae. Cuscutaceae, Polemoniaceae, and Hydrophyllaceae accord- 
ing to the Systeme Naturae 2000, Brands, S J. f Amsterdam or has its origin thereof. 
Preferably said plant, plant cell or plant tissue of the invention or produced according 
to the method of the invention is a Solanaceae, preferably selected from the group of 

30 Atropa, Browallia, Brunfelsia, Capsicum, Cestrum, Cyphomandra, Datura, Fabiana. 

Franciscea, .Hyoscyamus, Lycium, Mandragora, Nicandra, Nicotiana. Petunia, Physalis, 
Schizanthus and Solanum according to the Systema Naturae 2000, Brands, S.J., Am- 
sterdam or has its origin thereof. 

More preferred, the plant, plant cell or plant tissue of the invention or produced accord- 
35 ing to the method of the present invention is a S. bulbocastanum, S. tuberosum (po- 
tato), S. lycopersicum, petunia, S. betaceurn (tree tomato), S. muricatum (pear melon) 
or S.melongena (eggplant). Even more preferred, the plant, plant tissue or plant cell is 
a S. tuberosum or 5. lycoperslcum. Most-preferred is S. tuberosum. In other systems, 
the classification will be similar. The person skilled in the art knows the differences, e.g. 
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more common, tomato is named systematicly Lycoperslcon Lycopersicum (L.) Karsten 
exFarwell. 

In yet another aspect* the invention also relates toharvestable parts and to propagation 
5 material of the transgenic plants according to the invention which either contain trans- 
genic plant cells expressing a nucleic acid molecule according to the invention or which 
contains cells which show a reduced level of the described protein. 

Harvestable P arts can-be-ln principle any useful pans of a plant, for example, flowers, - 
10 pollen, seedlings, tubers, leaves, stems, fruit, seeds, roots etc. Propagation material ' 
includes, for example, seeds, fruits, cuttings, seedlings, tubers, rootstocks etc. Pre r 
ferred are potatoes, tomatoes, egg fruits or pearmelons as harvestable or propagation 
material. In case, the plant of the invention is petunia, the present invention relates in 
one embodiment to the flowers of petunia as harvesteable part 

15 

The invention furthermore relates to the use of the transgenic organisms according to 
the invention and of the cells, cell cultures, parts - such as, for example, roots, leaves 
and the like in the case of transgenic plant organisms - derived from them, and to 
transgenic propagation material such as seeds or fruits, for the production of foodstuffs 
20 or feeding stuffs, pharmaceuticals or fine chemicals. In particular, potatoes can serve 
for the production of fine chemicals. 

Accordingly in another embodiment, the present invention relates to the use of the 
polynucleotide, the plant, plant cell or plant tissue, the vector, or the polypeptide of the 

25 present invention for making fatty acids, carotenolds, Jsoprenoids, vitamins, lipids, wax 
•esters, (polysaccharides and/or polyhydroxyalkanoates, and/or its metabolism prod- 
ucts, in particular, steroid hormones, cholesterol, prostaglandin, triacylglycerols, bile 
acids and/or ketone bodies producing cells, tissues and/or plants. There are a number 
of mechanisms by which the yield, production, and/or efficiency of production of fatty 

30 acids, carotenoids. isoprenoids, vitamins, wax esters, lipids, (polysaccharides and/or 
polyhydroxyalkanoates. and/or its metabolism products, in particular, steroid hormones 
cholesterol, triacylglycerols, prostaglandin, bile acids and/or ketone bodies or further of 
above defined fine chemicals incorporating such an altered protein can be affected, in 
the case of plants, by e.g. increasing the expression of acetyl-CoA which is the basis 

35 for many products, e.g.. fatty acids, carotenoids. isoprenoids, vitamines. lipids, 

(polysaccharides, wax esters, and/or polyhydroxyalkanoates, and/or its metabolism 
products, in particular, prostaglandin, steroid hormones, cholesterol, triacylglycerols 
" bile acids ana7or ketone fogies in a cell, it may be possible to increase theamount of 
the produced said compounds thus permitting greater ease of harvesting and purifica- 

40 tion or in case of plants more efficient partitioning. Further, one. or more of said metabo- 
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lism products, increased amounts of the cofactors. precursor molecules, and interme- 
diate compounds for the appropriate biosynthetic pathways maybe required. Therefore, 
by increasing the number and/or activity of transporter proteins Involved in the import of 
nutrients, such as carbon sources (i.e., sugars), nitrogen sources (i.e., amino acids, 
ammonium salts), phosphate, and sulfur, ft may be possible to improve the production 
of acetyl CoA and its metabolism products as mentioned above, due to the removal of 
any nutrient supply limitations on the biosynthetic process. In particular, it may be pos- 
sible to increase the yield, production, and/or efficiency of production of said com- 
pounds, e.g. fatty acids, carotenoids, isoprenoids, vitamins, was esters, lipids, 
(polysaccharides, and/or polyhydroxyalkanoates, and/or its metabolism products, in 
. particular, steroid hormones, chojesterol, prostaglandin, triacylgiycerols, bile acids 
and/or ketone bodies molecules etc. in plants. ' 



Furthermore preferred is a method for the recombinant production of pharmaceuticals 
or fine chemicals in host organisms, wherein a host organism is transformed with one 
of the above-described expression cassettes and this expression cassette comprises 
one or more structural genes which encode the desired fine chemical or catalyze the 
biosynthesis of the desired fine chemical, the transformed host organism is cultured, 
and the desired fine chemical is isolated from the culture medium. This method can be 
applied widely to fine chemicals such as enzymes, vitamins, amino acids, sugars, fatty 
acids, and natural and synthetic flavorings, aroma substances and colorants. Espe- 
cially preferred is the production of tocopherols and tocotrienols and carotenoids. The 
transformed host organisms are cultured and the products.are isolated from the host 
organisms or the culture medium by methods known to the skilled worker. The produc- 
tion of pharmaceuticals such as, for example, antibodies or vaccines, is described by 
Hood EE, Jilka JM. Curr Opin Biotechnol. 1999 Aug; 10(4):382-6; Ma JK, Vine ND. 
Curr Top Microbiol Immunol. 1999; 236:275-92. 

In one embodiment, the present Invention also relates to the use of the polynucleotide, 
the vector, or the polypeptide of the present invention for producing a plant or a plant 
tissue, plant organ, or a plant cell or a part thereof resistant to said. 

Furthermore, in one embodiment, the present invention relates to a method for the 
identification of an compound stimulating resistance to a said plant pathogen compris- 
ing: 

a) contacting cells which express the polypeptide of the present invention or its 
mRNA with a candidate compound under cell cultivation conditions; 

b) assaying ah increase in-expression of said polypeptide or said mRNA; 
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c) comparing the expression level to a standard response made in the absence of 
said candidate compound; whereby, an increased expression over the standard 
indicates that the compound is stimulating resistance. 

5 Said compound may be chemically synthesized or microbiologicaily produced and/or 
comprised in, for example, samples, e.g,, cell extracts from, e.g., plants, animals or 
microorganisms, e.g. pathogens. Furthermore, said compound(s) may be known in the 
art but hitherto not known to be capable of suppressing or activating Rpi-blb2. The re- 

action mixture may be a cell free extract or may comprise a cell or tissue culture. Suit- . 

1 0 able set ups for the method of the invention are known to the person skilled in the art 

and are, for example, generally described in Alberts et al., Molecular. Btology^oit!ie,^_ 

Cell, third edition (1994), in particular Chapter 1 7. The compounds may be, e.g., added 
to the reaction mixture, culture medium, injected into the cell or sprayed onto the plant. 

15 If a sample containing a compound is identified in the method of the invention, then it is 
either possible to isolate the compound from the original sample identified as contain- 
ing the compound capable of activating or increasing resistance to said pathogens, or 
one can further subdivide the original sample, for example, "rf it consists of a plurality of 
different compounds, so as to reduce the number of different substances per sample 

20 and repeat the method with the subdivisions of the original sample. Depending on the 
complexity of the samples, the steps described above can be performed several times, 
preferably until the sample identified according to the method of the invention only 
comprises a limited number of or only one substance(s). Preferably said sample com- 
prises substances of similar chemical and/or physical properties, and most preferably 

25 said substances are identical. Preferably, the compound identified according to the 
above described method or its derivative is further formulated in a form suitable for the 
application in plant breeding or plant cell and tissue culture. 

The compounds which can be tested and identified according to a method of the inven- 
tion may be expression libraries, e.g., cDNA expression libraries, peptides, proteins, 

30 nucleic acids, antibodies, small organic, compounds, hormones, peptidomlmetics, PNAs 
or the like (Milrier, Nature Medicine 1 (1995), 879-880; Hupp, Cell 83 (1995), 237-245; 
- Gibbs, Cell 79 (1994), 193-198 and references cited supra). Said compounds can also 
be functional derivatives or analogues of known inhibitors or activators. Methods for the 
preparation of chemical derivatives and analogues are well known to those skilled in 

35 the art and are described in, for example, Beilstein, Handbook of Organic Chemistry, 
Springer edition New York Inc., 175 Fifth Avenue; New York, N.Y. 10010 WS.A, and 
Organic Synthesis, Wiley, New York, USA, Furthermore, said derivatives and ana- 
logues can be tested for their effects according to methods known in the art- Further- 
more, peptidomlmetics and/br computer aided design of appropriate derivatives and 

40 analogues can be used, for example, according to the methods described above. The 
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cell or tissue that may be employed in the method of the invention preferably is a host 
ceil, plant cell or plant tissue of the invention described in the embodiments hereinbe- 
fore. 

Determining whether a compound is capable of suppressing or activating said resis- 
6 tance can be done, as described in the examples, in particular via sporulation index 
determination. The activator identified by the above-described method may prove use- 
ful as a fungicide or crop protectants. Thus, in a further embodiment the invention re- 
lates to a compound obtained or identified according to the method of the invention 
said compound being an agonist of Rp!-blb2. 

10 

Accordingly, in one embodiment, the present invention f urthe^relates Jp^^mppjund. 
identified by the method of the present invention. 

Said compound is, for example, a homologous of Rpi-blb2. Homologues of the poly- 
peptid of the present invention can be generated by mutagenesis, e.g., discrete point 
15 mutation or truncation of Rpi-blb2. As used herein, the term "homologue" refers to a 
variant form of the protein which acts as an agonist of the activity of the Rpi-blb2. An 
agonist of said protein can retain substantially the same, or a subset, of the biological 
activities of Rpi-blb2 

20 In one embodiment, the invention relates to an antibody specifically recognizing the 
compound of the present invention. 

The invention also relates to a diagnostic composition comprising at least one of the 
aforementioned polynucleotides, nucleic acid molecules, vectors, proteins, antibodies 

25 or compounds of the invention and optionally suitable means for detection. 

The diagnostic composition of the present invention Is suitable for the isolation of 
mRNA from a cell and contacting the mRNA so obtained with a probe comprising a 
nucleic acid probe as described above under hybridizing conditions, detecting the pre- 
sence of mRNA hybridized to the probe, and thereby detecting the expression of the 

30 protein in the cell. Further methods of detecting the presence of a protein according to 
the present invention comprises Immunotechniques well known in the art, for example 
• enzyme linked immunosorbent assay. Furthermore, it is possible to use the nucleic 
acid molecules according to the invention in particular the markers described in the 
examples, e.g. in table 3a or 3b as molecular markers or primer in plant breeding: 

35 Suitable means for detection are well known to a person skilled in the arm, e.g. buffers 
and solutions for hydiidization assays, e.g. the aforementioned solutions and buffers, 
further and means for Southern-, Western-, Northern- etc. -blots, as e.g. described in 
Sambrook et al. are known. 
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In another embodiment, the present invention relates to a Wt comprising the poly- 
nucleotide, the vector, the host cell, the polypeptide, the antisense nucleic acid, the 
antibody, plant cell, the plant or plant tissue, the harvestable part, the propagation ma- 
terial or. the compound of the invention. 
5 The compounds of the kit of the present invention may be packaged in containers such 
as vials, optionally with/in buffers and/or solution. If appropriate, one or more of said 
components may be packaged in one and the same container. Additionally or alterna- 
tively, one or more of said components may be adsorbed to a solid support as, e.g. a 

_ nitrocellulose filter, a glas plate, a chip, or a nylon membrane or to the well of a micro 

10 titerplate. The kit can be used for any of the herein described methods and embodi- 

l * w ^^v^^^ments,.e-g..for the prodyctioo^^ 

positions, detection of homolpgous sequences, identification of antagonists or agonists, 
etc. 

Further, the Wt can comprise instructions for the use of the kit for any of said embodi- 
1 5 ments, in particular for its use for increasing the resistance to one or more of said 
pathogens of a plant cell, plant tissue or plant. 

In a preferred embodiment said kit comprises further a polynucleotide encoding one or 
more of the aforementioned resistance protein, preferably Rpi-blb, and/or an antibody, 
a vector, a host cell, an antisense nucleic acid, a plant cell or plant tissue or a plant 
20 related to said resistance protein(s), preferably to Rpi-blb, 

In a further embodiment, the present invention relates a method for the production 
of a crop protectant providing the polynucleotide, the vector or the polypeptide of 
the invention or comprising the steps of the method of the invention; and formulating 
25 the polynucleotide, the vector or the polypeptide of the invention or the compound iden- 
tified in step (c) of said method in a form applicable as plant agricultural composition. 

in another embodiment, the present invention relates to. a method for the production of 
a crop protectant composition comprising the steps of the method of the present inven- 
30 tion; and 

(a) formulating the compound identified in step (c) in a form acceptable as agri- 
cultural composition. 

35 Under "acceptable as agricultural composition* is understood, that such a composition 
is in agreement with the laws regulating the content of fungicides, plant nutrients, her- 
bizides, etc. Preferably such a composition is without any harm for the protected plants 
and the animals (humans included) .fed therewith. 
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Trie present invention also pertains to several embodiments relating to further uses and 
methods. The polynucleotide, polypeptide, protein homologues, fusion proteins, prim- 
ers, vectors, host cells, described herein can be used In one or more of the following 
methods: identification of plants resistant to plant pathogens as mentioned and related 
5 organisms; mapping of genomes; Identification and localization of sequences of inter- 
est; evolutionary studies; determination of regions required for function; modulation of 
an activity. 

Accordingly, the polynucleotides of the present invention have a variety of uses. First. 

1 0 they may be used to identify an organism as being S. bulbocastanum or a close rela- 
jmmwvm na tive thereof. Also, they may be used to identify the presence nf bulbocastanum PS mm m mmmm 
a relative thereof in a mixed population of microorganisms. By probing the extracted 
genomic DNA of a culture of a unique or mixed population of plants under stringent 
conditions with a probe spanning a region of the gene of the present invention which 

1 5 is unique to this S. bulbocastanum, one can ascertain whether the present invention 
has been used or whether S, bulbocastanum or a close relative is present 

Further, the polynucleotide of the invention may be sufficiently homologous to the 
sequences of related species such that these nucleic acid molecules may serve as 

20 markers for the construction of a genomic map in related organism. 

The polynucleotides of the invention are also useful for evolutionary and protein struc- 
tural studies. By comparing the sequences of the Rpi-blb2 of the present invention to 
those encoding similar enzymes from other organisms, the evolutionary relatedness of 
the organisms can be assessed. Similarly, such a comparison permits an assessment 

25 of which regions of the sequence are conserved and which are not, which may aid in 
determining those regions of the protein which are essential for the functioning of the 
enzyme. This type of determination is of value for protein engineering studies and may 
give an indication of what the protein can tolerate in terms of mutagenesis without los- 
ing function. 

30 

These and other embodiments are disclosed and encompassed by the description and 
examples of the present invention. Further literature concerning any one of the meth- 
ods, uses and compounds to be employed in accordance with the present invention 
may be retrieved from public libraries, using for example electronic devices. For exam- 

35 pie the public database "Medline" may be utilized which is available on the Internet, 
for example under hftp://www.ncbl.nlm.nih.gov/PubMed/medline.htmL Further data- 
bases and addresses, such as hftp://www,ncbi.nlm.nih.gov/ p hftp://www.infobiogen, 
frA hftpyAvww.fmi.ch/blology/research-tools.html, http://www.tigr.org/, are known to the 
person skilled in the art and can also be obtained using, e.g., http://www.lycos.com. 

40 An overview of patent information in biotechnology and a survey of relevant sources of 
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patent information useful for retrospective searching and for current awareness is given 
in Berks, TIBTECH 1 2 (1 994). 352-364. 

Tables: 

Table 1: Sequences: 



. Table 2. Segregation of resistance in 2851 progeny clones of BC4 mapping populations ARG 
95-3 and ARP 96-1 1 in the field trial of 2000 at Marknesse, The Netherlands. Numbers of 
1 0 clones classified as having a resistant, susceptible of unknown phenotype is presented with ' " 
percentages in parenthesis. 



No clones' with'suBcepi^^No clones with*""*" 4 ' No' clones with uri *#>**»*Mm 
Mapping population tible phenotype resistant phenotype known phenotype Totals 



ARG 95-3 
ARP 96-11 



846 (37) 
256 (45) 



886 (39) 
170 (30) 



551 (24) 
142 (25) 



2283 
568 



Totals 



1102(39) 



1056 (37) 



693.(24) 



2851 



Table 3A. Overview of markers used for mapping RplblbZ 
Marker On"' Sequence 



Annealing Restriction 
temp(°C) Enzyme 2 * 



E46MS2 

E46M52e 

E4QM58 

E40M58e 

S1E00 

41 L 

36L 

69L 

69R \ 



141 R 



F TTGTGGTTATCGATGAGAAT 

R GAAACAACAGCAGGATAGTGAG 

F TTGTGGTTATCGATGAGAAT 

R GAAACAACAGCAGGATAGTGAG 

F GAATTCAGCACAAATACCAA 

R TTAACGTTTACTATCACGAG 

F GTAGAAACAGCAGCCTCATAAGC 

R TTGTGCCTAATTGCCCTGTG 

F GGGGTTGGGAAGACAACGACAC 

R AATTCCAAGATACAGTCAAATAC 

F AGGCAGGATTAACAGTAGAAG 

R CATGCTTTTAGGAAGAAGCTC 

F TTGAGACAAAGCAGCTCCAC 

R ACGTTTCTCACACCTACAGG 

F TGATGGCACGTTTGATCGTG 

R TAAGATCCAAACCAGCCACC 
E. _ CCTTATCACACAT GTGGCTAC 

R ATTG AAACGGAGGAAGTACAAC 

F TTCTTCATATGGCAGACCAAC 

R CTACTCTGCTGACATGCAGG 



56,5 SCAR(b) 
61 SCAR (a.b);Mbol (c) 
50 Ddel (a) 
55 SCAR (a) 
50 AFLP 

58 . Taql (a) ^ . jjaa&Mtau-. 

59 . Apol (a,b) 
61 Taql (a,b):Hpall (c) 
58 . Rsal( a,b); Apol (c) 

60 Rsal (a,b); Odel (c) 



f - r 
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F GAGATTCTCAAAGQTQTCTTCC 

R AACCTGTGCTTTCCCATTCG 

F CTTTCACAAGCGTCACTTTGG 

R TAAAAAG AATCAAC AGG GCAAC 

F ACGACTGCTCAAAGTTGGCC 

R CCAAGAAGCCAG7TGAGAGC 

F GTAG ATTAC ACT ATG G ATATG G 

R CAGTTAGCAGCAATGTCAGC 

F CATTCAACTAGGCCAAAAGTGG 

R CCA6GTAGGTGTTTTCTTCC 

F GTTCTAAGTCAGATGCCACC 
, ;R , ^AGJ^CTCCAACACGAGCC 

F T^^CTCTTACCCT I GCG I, " ' 

R GGATATCCAGCATCAATGCC 

F GGTGAGGCTCCTTGCATTCC 

R CCTGAGGGAAGATGTCACG 

F CCTAGTTTAGAGTGAGTAGAC 

R GtGATATATTGCTCAAGGATCC 

F GTTGCTGGCTGTCACTGATC 

R GTGATGTGCAGGGTTCAAGG 

F GATTAGTGTAGATCTTAGCTTG 

R AAATCTCTCTCACAATTATCCC 

F CTATTGACTGAACCTGCTGAG 

R TGAAGTCATTTAGTCCACAGC 

F AGATCGGAGTGTGAACATGG 

R CTTCTACTTCTAGTCG ACTGC 

F CGTAGTCCATCTGAAGCTCC 

R TCTTCTTCTGCTAGTCGTCG 

F ACTATTCTCACGTAAGGGGACAC 

R GTGTACATGTATGAAACTCTAGC 

F GTTCCTTTCAATCAGAAAGTAG (aro 120) 

R CTTTGGATG AGTCAAAAG GCT (aro 121) 

F univ14L 

R univ24L 

F CAAGTTACGGCAACCAAGAG 

R CTTTGACACAGTGTTAGAATGC 

F CGTGATCTAGGAGTTACGAC 

R CTTATTTTAAATACAAGACAfCTGG 

F univ. 14L 

R CAGAGGAAAGTCAACCAACG 

F univ. 14L 

R CAGAGGAAAGTCAACCAACG 

F TCGGCTATGACTGGGCACAACAGA 

R AAGAAGGCGATAGAAGGCGATGCG 
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60 SCAR (a.b.c) 

58 SCAR (a.b) 

58 SCAR (a,b.c) 
60 SCAR (a,b) 

59 SCAR (a.b): Oral (c) 
62 SCAR (a.b) 



to^^SCARla^r 



60 SCAR (a.b) 

58 SCAR(a.b) 

59 SCAR (a,b) 
62 Mbol (a,b) 

56 Haelll (a); Hinfl (c) 

56 • 

65 SCAR (a.b) 

60 Htndlli (a,b) 
55 SCAR (a) 
60 Cfal (c) 

57 Hpall (C) 



52 
56 
60 
70 



SCAR (c) 
Hhal (c) 
Cfol (c) 
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66 

F TGTAAAAC6ACGGCCAGT 
R GGAAACAGCT ATG ACCATG 



55 



" Or): Orientation of me primer; F: forward prlmBr: B: reverse primers 
a a: ARS95-3. b; ARP96*1 1 , e BBa 



Tabel 3B. Overview of primers used Tor m apping RphbibZ 
Sequence 1 ' ~ — — 



primer 



Ori 



AROT3 
AR0 74 
AR0 77 
AR0 79 
«* ARO 94- 
ARO 128 
ARO 129 
ARO 295 
ARO 296 
univ14L 
univ24L 
12S3MI 
14L2 
24L2 
ARF1F 
ARF1R 
ARO 602 
S1 

ficpR1+0 
AfeekO 

* N=A+T+G+C 



F TTCAGCACAAATACCAAT 
R GATGTTCCCCTTCTTTTA 
R TTGTGGTTATCGATGAGAAT 
R ACCTGGCGTTCCTT A I 1 1 1 I 
**» NGTCA5WG ANAWGAA ■ * mm**** 
F GATGGAGCGGAAAAGCCGGTG 
F GGTGTTTTGTAQCATCTCCAG 
CCATGATTACGCCAAGCTG G 
GGTTTTCCCAGTCACGACGT 
F AGAAAGCTCACCAGTGGACC 
R ATTTATGGCTGCAGAGGACC 
R AAGTCCAATTGCTCATCCATC 
R TGCACCATGCACGAAGGTC 
F CAATWTTGGTTCCCGAAATTGG 
F ATGGAAAAACGAAAAGATAATGAAG 
R CTACTT AAATAACGGGATATCCTTC 
F CCCATGACTCCTTGAGTTTG 
GGTGGGGTTGGGAAGACAACG 
■ GTAGACTGCGTACCAATTC 
GATGAGTCCTGAGTAA 

S*Q+C.W=A+T 



ll-RUG-2003 19:20 BASF PG GUX C100 +49 621 6021183 5.067/221 



s 



CO 



> 

DO 
o 

1 



O 
CO 

s. 



J3 
CD 



1 

£2 

1 

O 
c 



E 
J5 
D- 
E 

3 

ca 



I 

11 i 

c 8 



1 2 



CP 
DC 



§ 1 

S 



lis 
I I g. 

tr a 




s 



1^ 



H 

3 

< 

oa 



_ CM 



§5$ 



3 5 § 



Q 



. CO 3 co C5 O o „ , 

tn ic ccnoctr^ccflc 



(V t- r 2 2 

^ W W CM W W n. L 

CO CO 




ll-RUG-2003 19:21 

Agrlco B.V. 



BfiSF fl'B GUX ciea 



20030596 



+49 621 6021183 

PF 54801 



S. 06&^221 



Table 5. Cycling conditions used for TAIL-PCR 



Reaction cycle no. Thermal condition 



Primary 



1 

5 
1 

10 
12" 



Secondary 10 a 



92 B C (2 mln). 95'C (1 min) \ 
94°C (15s), 63"C (1 min), 72°C (2 min) 

94 D C (15s), 30°C (3 mlh). ramping to 72°C over 3 min, 72°C (2 mln) 
94°C (5s), 44°C (1 min).72°C (2 min) 
94°C (5s), 63°C (1 min). 72°C (2 min) 

94-C (5s). 63°C (1 mln), 72°C (2 min) 

94°C (5s). 44°C (1 min). 72°C (2 min) 
n,a wWitm mm 



mm 



94°C (5s). 63°C (1 min), 72»C (2 min) 
94°C (5s). SS'C (1 min), 72°C (2 min) 
94°C (5s). 44°C (1 min). 72°C (2 min) 
72°C(5min) 



' >.<i rtwmm 



Tertiary 



20 
1 



94«C (10s). 44"C (1 mln), 7Z"C (2 min) 
72°C (5 min) 



these are nine-segment super cycles each consisting of two high-stringency and one reduced- 
stringency cycle . 



The figures show: 

1 0 Figure 1 , Schematic representation of the development of the complex interspecific 
hybrid clones designated as 'ABPT (1a) and the S. tuberosum mapping populations 
that were derived from two of these clones: ABPT clone 55 and ABPT clone 60 (1 b 
to d). A; Solanum acaule, B; S. bvlbocastanum, P; S. pureja, T; S. tobersosum, 2x : 
diploid (2n=2x=24), 3x; triplold. 4x ; tetraploid, 6x ; hexaploid, cv; cultivar. Codes in 

15 italics indicate mapping populations. 

Figure 2. Disease progress curves for clone ARF 87-601 and susceptible control culti- 
vars (cv) Bildtstar, Eersteling and the partial resistant control cultivar Pimpernel in 
a field test for foliar resistance to late blight in Toluca Valley, Mexico In 1 991 . At eight 
20 time points after planting, the percentage blighted foliage due to a natural late blight 
infection was scored on the 1 to 9 CIP scale (Estrada-Ramos, 1983). 

• «** 
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Figure 3. Disease progress curves for clone ARF 87-507, ARF 87-601 , ARF 87-801 , 
the susceptible control cuWvar (cv) Gianola and the partial resistant breeding clone 
AR 85-96-13 in a field test for foliar resistance to late blight in Benguet Province. 
Philippines in 1992v At six time points between August 25 th to November 24 lh , the per- 
5 centage blighted foliage due to a natural late blight infection was scored on the 1 to 9 
CIP scale (Estrada-Ramos, 1983). 

Figure 4. Typical, phenotypes in tetraploid resistant and susceptible parental clones 
and progeny clones segregating for Rpi-blb2 mediated resistance to late blight in the 
10 annual field trial at Marknesse, The Netheriands, approximately 6 weeks after inocula- 
... tion with isolate IPO82001 .of ^pJnfestahs.SiK plant plots with i a clone showing the 
resistant phenotype (within black solid line) that ishow? noor hardly any spbrulatfiig" 
lesions and with a clone showing the susceptible phenotype (within white dotted line) 
that shows completely blighted foliage. 



15 



20 



Figure 5. Genetic map based on 109 progeny clones of S. tuberosum mapping popu- 
lation ARG 95-15 showing 7 AFLP markers that were found to cosegregate with the 
Rpi-blb2 locus. Numbers left to the vertical line Indicate the genetic distance between 
flanking markers or the Rpf-blb2 locus in centimoigan (cM). 



Figure 6. Qenetic map based on 137 progeny clones of $. tuberosum mapping popula- 
tion ARG 95-3 showing 15 AFLP markers and RGA marker S1 EOO that were found to 
cosegregate with the Rpi-b/b2 locus. Phenotypes of the progeny clones were obtained 
with detached leaf assays. Numbers left to the vertical line indicate the genetic distance 
25 between flanking markers or the Rpi-btb2 locus in centimorgan (cM). 

Figure 7. Genetic map based on 178 progeny clones of 3. tuberosum mapping popula- 
tion ARG 95-3 showing 5 markers that were found to cosegregate with the Rp1-blb2 
locus on linkage group 6 of S. tuberosum. Phenotypes of the progeny clones were de- 

30 termined in the field trial at Marknesse, the Netherlands in 1998. Markers E40M58 and 
E46M52 were scored either as AFLP, CAPS. SCAR or extended (suffix: e) marker (ta- 
ble 3A). Partly, marker CT1 19 was scored as marker CT119N (table 3a). Marker . 
CT216 was scored as SCAR marker. The number left to the vertical line indicates the 
genetic distance between flanking markers or the Rpl-blb2 locus in centimorgan (cM). 

35 For each marker, the number of recombinants between marker and phenotype and the 
total number of progeny clones scored is given in parenthesis. 

Figure 8. Genetic maps based on 886 progeny clbnes of S. tuberosum mapping popu- 
lation ARG 95-3 and on 170 progeny clones of S. tuberosum mapping population 
40 ARP 96-1 1, showing markers that were found to cosegregate with the Rpi-blb2 locus 
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on linkage group 6 of S. tuberosum. Phenotypes of the progeny clones were deter- 
mined in the field trial at Marknesse, the Netherlands in 2000. The number left to the 
vertical line indicates the genetic distance between flanking markers In centimorgan 
(cM). The marker interval which delimitates the position of the Rpi-blb2gene, based on 
5 detected recombination events in progeny clones, is indicated by double arrow headed 
lines. 

Figure 9. Physical map of the genomic region containing Rpi-blbZ in S. tuberosum 
(upper horizontal line) and S. bulbocastanum (lower horizontal line). Vertical lines iodi- 

1 0 cate the relative position of markers linked to resistance. Numbers above the horizontal 
lines are the number ■ofjgcombin antejd entffied markers in 1056 

and 1899 progeny plants of S. tuberosum, derived ^ from'cOTpiex species hybrids" """"" WLU " U 
"ABPT (Figure 1), and S. bulbocastanum progeny plants respectively. ABPT-derjved 
progeny comprises clones from both the mapping populations ARG 95-3 and ARP 96- 

15 11. Rectangles represent bacterial artificial chromosome (BAC) clones from the 

ARD 1 1 97-1 6 BAC library except for BAC clones with prefix "Bib" which were from the 
S. bulbocastanum Bib 2002 BAC library. The marker Interval which delimitates the po-~ 
. sition of the Rpi-blb2 gene, based on detected recombination events in progeny clones, 
is indicated by double arrow headed lines. Small arrows indicate positions of Resis- 

20 tance Gene Candidates (RGC's). 

Figure 10. Schematic representation of the development of the diploid, intraspecifc 
mapping population BB of S. bulbocastanum. Codes in italics indicate mapping popula- 
tions. 

25 

• Figure 11. Genetic map based on 1899 progeny clones of S. bulbocastanum. mapping 
population B6. showing manners that were found to cosegregate with the Rpi-blbZ locus 
on chromosome 6 of S. bulbocastanum. Phenotypes of the progeny clones were de- 
termined by detached leaf assays. The number left to the vertical line indicates the 
30 genetic distance between flanking markers in centimorgan (cM). The marker interval 
which delimitates the position of the Rpi-blbZ gene, based on detected recombination 
events in progeny clones, is. indicated by a double arrow headed line. 

Figure 12. Genetic complementation for late blight susceptibilty. Typical disease phe- 
35 notypes of potato (S. tuberosum) leaves, 6 days after inoculation with a sporangiospore 

suspensions of P. infestans isolate 655-2A. Leaf derived from kanamycin resistant cv 

Kondor plants transformed with pBINPLUS (control; A), leaves derived from cv Kondor 
- plants harbouring BAC SPB39 derived (B) or BAC 21 1 derived RGC5. (C),.ieaf. derived 

from kanamycin resistant cv Impala plants transformed with pBINPLUS (control; D), ? 
40 leaves derived from cv Impala plants harbouring BAC SPB39 derived (E) or BAC 21 1 
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derived RGC5(F). Panels A and D depict typical susceptible responses with extensive 
spprulatng lesions of P. Infestans. Panels 8, C, E and F depict typfcaJ resistance reac- 
tions observed at the sites of Inoculation on transgenic potato plants harbouring Rpi- 
blb2. 

5 

. Figure 13. Nucleic acid sequences coding for the Rphblb2genB. A. Coding nucleic 
acid sequence of the Rphblb2 gene. B. Coding nucleic acid sequence of the Rpi-blb2 
gene including the intron sequence (position 43-128). C. Sequence of the 7967 bp 
SaU3A\ genomic DNA fragment of ARD 1 1 97-1 6 BAC 21 1 present in p21 1 F-C1 2, one 
10 of the two the genetic constructs used for genetic complementation for late blight resis- 
tance. JThe genpmicfragment harbours the Rpi-blb2g$ne including natural regulatory 
elements necessary for correct expression of the gene. The initiation codon (ATG posi- 



tion 1546-1548) and the termination codon (TAG position 5433-5435) are underlined. 
D- Sequence of the 9949 bp Sau3AI genomic DNA fragment of S. bulbocastanum 2002 
1 5 BAC BlbSP39 present in pSP39-20, one of the two the genetic constructs used for 

genetic complementation for late blight resistance. The genomic fragment harbours the 
Rpi-blb2 gene including natural regulatory elements necessary for correct expression 
of the gene. The initiation codon (ATG position 1413-1415) and the termination codon 
(TAG position 5300-5303) are underlined. 



20 



Figure 14. Putative Rpl-blb2 gene structure and deduced Rpi-blb2 protein sequence. 
A- Schematic representatibhof the Rpi-b!b2 gene structure; Horizontal lines indicate* 



exons. Open boxes represent coding sequence. Lines angled downwards indicate the 
positions of Intron sequences. B. Deduced Rpi-blb2 protein sequence. The amino acid 

25 sequence deduced from the DNA sequence of Rphblb2 is divided into three domains 
(LZ, NBS and LRR). Hydrophobic residues in domain A that form the first residue of 
heptad repeats of the potential leucine zipoper (LZ) domain are underlined. Conserved 
motifs In R proteins are written in lowercase and in italic in the NBS domain. Residues 
matching the consensus of the cytoplasmic LRR are indicated in bold in the LRR do- 

30 main. Dots in the sequence have been introduced to align the sequence to the consen- 
sus LRR sequence of cytoplasmic LRRs. 

Figure 15- Alignment of the deduced protein products encoded by Rphblb2, Mi-1.1 and 
Mh1£. Ths complete amino acid sequence of Rpi-b!b2 is shown and amino acid resi- 
35 dues from WB-1.1 and MM .2 that differ from the corresponding residue in Rpi-blb2. 

Dashes indicate gaps inserted to maintain optimal alignment. Amino add residues that 
are specific for Rpl-blb2, when compared to those at corresponding positions in lVli-l .1 



and MM. 2 are highlightedJ^bpld^dxeA^e.reQipns of the LRRs that corraspnnri to 



the p-strand/ji-turn motif xxLxLxrtxx are underlined. Consented motifs In the NBS do- 
40 main are indicated in lowercase. A vertical line indicates the division between CC-NBS 
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and LRR region. The position of the VLDL motif which is conserved In the third LRR of 
many plant R proteins but not in Rphblb2 is indicated by a shaded rectangle. 

This invention is further illustrated by the following examples which should not be con- 
5 strued as limiting. The contents of all refernces, patent applications, patents, and pub- 
lished patent applications cited throughout this application are hereby incorporated by 
reference. 



10 



Examples 



, . Example J : Evaluation of resistance in ABPT derived back cross clones and popu- 
lations h^^-o mmT ioMMk 



BC2-clones ARF 87-507 and ARF 87-801 were selected from BC2-progeny obtained 
1 5 after two rounds of backcrossing on complex species hybrid APPT-clone number 55 

(Figure 1a) with late blight (LB) susceptible S. tuberosum cultivar Oberarnbacher Fruhe . 
as first parent and tuberosum cultivars Arkula (Figure 1 b) and Blanka (Figure 1 c) 
respectively as second parents. Similarly, BC2-clone ARF 87-601 was obtained by 
successive crossing on ABPT-clone 60 with LB susceptible S. tuberosum cultivars 
20 Alcmaria and Blanka (Figure 1d). 

Clone ARF 87-601 was tested as part of a field test for screening of LB-resistance in 
' the Toluca area in Mexico in 1991, A plot of clone ARF 87-601 with seven plants was 
evaluated in comparison to plots with nine plants each of the control cultivars Bildtstar, 

25 Eersteling and Pimpernel. According to the ratings for resistance to late blight in the 
Dutch National list of recommended potato cultivars of 1988, these control cultivars 
scored 3, 3 and 8 respectively on a scale from 3 to 8 of increasing resistance. Cultivar 
Pimpernel is considered as a source of partial resistance (Colon et a/., 1985). About 
. forty days after planting, natural infection by P m infestans established- The development 

30 of LB in the foliage then was monitored eight times during the period from July 1 6 th to 
September 2 nd (Figure 2). There was a clear difference between the disease progress 
curves for ARF 87-601 in comparison to the control cultivars. At 74 days after planting, ~ ' 
foliage of the control cultivars was completely or nearly completely blighted whereas 
clone ARF 87-601 showed no visible symptoms (Figure 2). Clones ARF 87-507, 

35 ARF 87-801 and again clone ARF 87-601 showed comparable results in a field test for 
screening of LB-resistance In the Benguet Province of the Philippines in 1 992 (Fig- 
ure 3). Ten plants each of the three BC2 clones, control cultivar Granola and the mod- 
- erately LB resistant breeding clone AR 85-96-13, which was used as female parent to 
Obtain AR 92-1 1 97 (Figure. 1 d), were planted on August 25 th . The percentage of bligh- 

40 ted foliage was scored six times gfter occurrence of natural infection by P. infesteps' 
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P. infestans. Disease progress curves of ABPT dorived BC2-clones were markedly 
different when compared to cultivar Granola and clone AR 85-96-13 (Figure 3). BC2- 
clones showed no or little LB symptoms and no clear disease progress during the scor- 
ing period whereas cultivar Granola had almost completely blighted foliage at the third 
5 scoring date. 

Clones ABF 87-601 , ARF 87-507 and ARF 87-801 were used for further backcrossing 
with LB susceptible cultivars and breeding clones of S. tuberosum (Figure 1 b to 1 d). 
This breeding work resulted in four different mapping populations, tetraploid BC3- 
1 0 population ARG 95-1 5, tetraploid BC4-populations ARG 95-3 and ARP 96-1 1 and dip- 

clones ARF 87-507, ARF 87-601 , ARF 87-801 , AR 91 -1263, AR 91-1292 and AR 92- 
1197 were selected on the basis of agronomic performance in common practice breed- 
ing evaluations as well as by screening their parents and relevant progenies in a field 

15 trial at Marknesse. the Netherlands, that was inoculated with the complex isolate 

IPO82001 of R, infeptans. The diploid (2n=2x=24) clone ARD 1197-16 was selected 
| among the progeny of cross AR 92-1 197 x Phu 81-101 (Figure 1d), the latter parental 

clone being known for its capacity to induce parthenogenic seed set in the female par- 
ent (Hermsen and Verdenius, 1973), Initially, resistance to LB in ARD 1 197-16 was 

20 found after repeated detached leaf assays using P. infestans isolates IPO82001 , 

IP0655-2A and IP0428-2 and verified in a field trial in 1998 at Marknesse, The diploid 
status of clone ARD 1 197-16 was confirmed by flow cytometry (Plant cytometry ser- 
vices, Schijndel, the Netherlands). 



25 Clear segregation for the LB-resistance trait in ABPT-derived progeny and mapping 
populations was observed during successive years of field testing at the trial site of 
Marknesse, approximately 6 weeks after inoculation with isolate IPO82001 of 
P. infestans. Typically, resistant clones showed no or hardly any sporuiating lesions 
whereas susceptible clones showed completely blighted foliage (Figure 4) In 2000, a 

30 total of 2851 clones from the mapping populations ARG 95-3 and ARP 96-1 1 were 
screened as single plant plots. On average, 24 percent of the clones showed pheno- 
types that could not unambiguously be classified as resistant or susceptible. Clones 
that could be classified as such showed segregation ratio's of resistant to susceptible 
phenotypes of 1 to 1 and 1 to 1.5 for populations ARG 95-3 and ARP 96-1 1 , respec- 

35 tively (Table 2), 

Detached leaf assay's with ABPT-derived progeny and mapping populations where 
found to be less accurate for phenotyping than screening under field conditions. Never- 
theless, results of detached leaf assays were considered suitable for the initial determi- 
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nation of the phenotype of Individual clones and thus, for construction of mapping 
populations. 

Example 2: Genetic mapping of the Rpi~blb2 resistance locus in ABPT derived back 
cross populations. 

In all four mapping populations (Figure 1), resistance segregated as expected for a 
monogenic trait, suggesting the presence of a dominant resistance allele at a single 
locus (Table 2). This locus was designated the flp/-M?2 locus. * 



»ln*rt*^^ 14 primer to jW 

combinations (pc) was carried out on DNA of 10 resistant and 1 0 susceptible ARG 95- 
15 progeny plants, based on detached leaf assay, including the parental clones. The 
testing of 21 potentially Jinked markers on an additional 89 plants identified several 
markers linked to resistance (Figure 5). Subsequent bulked segregant analysis (BSA) 
with 1 60 pc's on 2 resistant and 2 susceptible DNA pools, each containing genomic 
DNA of 8 resistant or susceptible ARG 95-15 progeny plants, respectively, identified a 
total of 58 AFLP markers potentially linked to resistance (Figure 5). When a number of 
^ese markers were tested on 137 progeny plants of ARG 95-3, they were also linked * 
to resistance in this population, suggesting that the resistance in the two populations 
was determined by the same locus (Figure 6), These cosegregating markers mapped 3 
to 28 centimorgan (cM) and 1 to 7.2 cM to one side of the locus in ARG 95-15 and 
ARG 95-3 respectively, suggesting that Rpi-blb2 could be situated at a distal position 
on a chromosome. 

To determine the position of the Rphblb2or\ the genetic map of potato, the two co- 
segregating AFLP markers E40M58 and E46M52 (Figure 6) were cloned into the 
pGEM-T vector (Promega, the Netherlands) and sequenced. Primers designed on the 
ends of the sequences of the cloned AFLP fragments (Table 3) were used to develop 
cleaved amplified polymorphic sequence (CAPS) marker E40M58 that was found to be 

cose g r0 gating with the re^tance trait in 25 resistant and 25 susceptible clones of ^ 

ARG 95-3. CAPS marker E40M58 was subsequently tested on 46 progeny plants of 
the CxE mapping population (van Eck et a/., 1995), These data were added to the e- 
xisting marker scores of the CxE population, Joinmap (Stam, 1993) linkage analyses 
mapped E40M58 8 cM distal to GP79 (Gebhardt et a/. f 1991), positioning Rpi-blb2 on 
the short arm of chromosome 6. In 178 progeny plants of population ARG 95-3 no re- 
combination between RphblbSond AFLP markers E40M58, E40MS0 and CAPS mar- 
ker CT119 was observed. AFLP marker E46M52.and sequence characterised ampli- 
fied region (SCAR) marker CT21 6 mapped 2.2 cM proximal to the gene (Figure 7). 



40 
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Example 3: Identification of a RGA marker linked to Rpi-6lb2 

In an attempt to identify functionally relevant markers linked to resistance, primers 
designed on the conserved motifs of the NBS domain of plant R genes (Leister et at, 
5 1 996), were used In an adapted AFLP protocol (RGA-AFLP) to identify resistance gene 
analogue (RGA) specific markers. 

Using the P-Ioop based primer SI f rom Leister et a/. (1 996) in combination with the 
EcoOO AFLP primer, an RGA specific marker, S1E00 was developed which cosegre- 
10 gated with resistance and markers E40M58 and CT1 19 in the ARG 95-3 mapping 
. - . population (Figure 6 and 7).,., 



15 



Example 4: Development of E40M58e and E46M52e SCAR markers for recombinant 
screening. 



Using genomic DNA of AR 91-1263 as template, the cloned fragment of AFLP marker 
E46M52 was extended by TAIL-PCR. The primary TAIL-PCP. was performed using 
primers ARO 77 (sp1) and ARO 94 (AD) Subsequently, the secondary PCR was per- 
formed using ARO 128 (sp2) and the tertiary PCR using ARO 129 (sp3) both in combi- 

20 nation with primer AD. This resulted in an E46M52e fragment that was extended on the 
5' end with approximately 500 bp. The E46M52e fragment was cloned in pGEM-T and 
sequenced. A new forward primer was designed on this sequence and PCR in combi- 
nation with primer ARO 77 resulted in SCAR marker E46M52e that cosegregated with 
the resistant phenotype in the four S. tuberosum mapping populations and as CAPS 

25 marker also in population B6. 

Using genomic DNA of ARD 1 197-16 as template, the cloned fragment of AFLP marker 
E40M58 was also extended by TAIL-PCR. The primary TAIL-PCR was performed in 
both the 5' and 3' directions using spl primers ARO 73 (3') or 74 (5') in combination 

30 with primer AD. Subsequently, the secondary PCR was performed using as sp2 

- ARO 82 or 79, respectively. The fragments obteinedjromthe secondar y PCR, 750 bp 

from the 3' end and 400 bp from the 5' end were cloned in pGEM-T and sequenced! 
On the basis of both sequences, two new primers were designed resulting in a SCAR 
marker that cosegregated with resistance in mapping population ARG 95-3 and DP1 

35 (Table 3). The fragment of SCAR marker E40M58e could be amplified In the resistant 
parents of mapping populations ARG 95-3 and DP1, which were both derived from 
ABPT clone 55 (Figure 1), but PCR amplification in the parents or progeny clones of 
mapping populations ARP 96-1 1 and ARG 95r15, which were both derived from AB£X._ 
clone 60, did not give any detectable PCR product. It was assumed that this could have 

40 been caused by minor differences in the genomic sequence and therefore, the AFLP 
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fragment was extended by TAIL-PCR using genomic DNA of clone AR 91 -1292 as 
template. A fragment E40M5Be2 of approximately 300 bp was obtained; cloned and 
sequenced. Comparison of the sequence with the original fragment of AFLP marker 
E40M58 showed that only the first 37 bp of the extended fragment were identical. PCB 
with primers designed on the sequence of E40M5Se2 did not result in a polymorphic 
marker. Both of the extended markers E40M48e and E40M58e2 were tested on five 
resistant or susceptible clones of S. bulbocastanum (BGRC 8005 and 8006). Only the 
fragment of SCAR marker E40M58e could be amplified in four S, bulbocastanum 
clones, indicating that part of the sequence of E40M5BeZ was not derived from 
S. bulbocastanum. This observation suggested that E40M58e was located on the bor- 
, ; der of the S. bulbocastanum intrpgression fragment in clone AR 91-1292 and that the 
position of the Rpi-blbZ locus was proximal to marker E40M58e. ' 

Example 5: Mapping of Rpi-blb2 In a diploid mapping population derived from ABPT 
material 



A total of 149 progeny clones of diploid mapping population DP 1 were screened with 

markers E40M58e and E46M52e. No recombination was found between these markers 
suggesting suppressed recombination in the genomic region studied when compared 

20 to the tetraploid mapping population ARG 95-3 (Figure 7). A subset of 1 12 clones was 
screened for resistance to P. infestans isolates IPO82001 , 1P0655-2A and IP0428-2 in 
a partially repeated detached leaf assay. Eleven of the clones (11%) showed interme- 
diate reactions and were classified as having unknown phenotypes. Another 51 and 50 
clones were classified as resistant and susceptible respectively. Three progeny clones 

25 DPI -28, DP1-79 and DPI -81 were identified that were putatively recombined between 
the RphblbZ locus and the markers E40M58e and E46M52e. In 2000, a subset of 50 
out of the 112 phenotyped clones was tested for resistance to LB in the field at the trial 
site of Marknesse. Conclusive results on the phenotype for LB resistance were ob- 
. tained for 33 out of the 50 clones. The phenotype of clones 28 and 81 as determined 

30 with the detached leaf assay appeared to be erroneous. Thus, it was concluded that 
these clones did not represent recombination events between flpM?/fc2and the mark- _ 
ers used. The phenotype of clone DP 1-79 could not be verified conclusively under field 
conditions and this clone may represent the only recombination event between VwTkph 
blb2 locus and the markers E40M58e and E46M52e in 1 01 progeny clones of DP1 

35 (1 cM). Since it was shown that two markers, linked to the resistance trait in ARG 95- 
15, ARG 95-3 and ARP 96-1 1 , cosegregated with the same locus for LB-resistance in 
DP1 , it was concluded that the DP1 parental clone ARD 1 197-1 6 was suitable as a 
- - source for Rphblb2 gene isolation in a map.based cloning approach. 
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Example 6: Physical mapping of the ABPT derived Rpl-blb2 locus 

The resistant clone ARD 1197-16, heterozygous for the Rpi-blb2 locus, was used as 
source DNA for the construction of a B AC library (hereafter referred to as the 
ARD 1197-16 BAC library). High molecular weight DNA preparation and BAC library 
construction were carried out as described in Rouppe van der Voort etal. (1999). Ini- 
tially, a total of 67968 clones with an average insert size of 100 kb, which, corresponds 
to approximately 7 genome equivalents, were individually stored in 177 384-well micro- 
liter plates at -80°C. Marker screening of the ARD 1 197-1 6 BAC library was carried out 
as described in Rouppe van der Voort etal. (1999). Essentially, DNA pools generated 
for each 384-well plate were screened by PCR with SCAR s or^A.P£j^ 
the Rpi-bfb2 locus in order to build a BAC contig across the Rpi-blb2 locus. 

Screening Of the ARD 1197-16 BAC library with markers E40M58e, S1E0O arid CT119 
Identified several positive BAC clones, which served as seed BACs from which a 
chromosome walk across the Rpt-blb2 locus was initiated. Marker E40M58e. was used 
to isolate the BAC clones 69 and 141 whereas BAC clones 14, 24, 123 and 133 were 
positive for marker SI E00. Marker CT1 1 9 was used to isolate BAC 67. After sequenc- 
ing the left (L) and right (R) borders of these BAC clones, a new set of markers was 
developed; 14L, 24L. 24R, 69L, 69R. 141R. 123L, 123R, 133R and 67L Screening of 
the isolated BAC clones with these markers showed that the following pairs of BAC 
clones shared overlap: the right side of 123 with the left side of 133, 14 completely with 
24, and the left side of 69 with the right side of 141. BAC 67 did not share overlap with 
the other BAC clones. The finding that the S1E00 positive BAC clones 14, 24, 123, and 
1 33 did not form a single contig indicated that S1 EOO was a repetitive sequence. This, 
together with the finding that the right BAC-end sequences of BAC clones 24 and 123 
showed high homology to different regions of the Mil resistance gene from tomato (Mil- 
ligan etal., 1998, Simons etal., 1998). suggested that the Rpi-blb2 locus harboured 
more than one RGA. Screening of the initial ARD 1197-16 BAC library with markers 
141 R, 24L. 24R and 123L did not lead to contig extension. However, screening of the 
library with markers 123R and 133R resulted in the isolation of BAC clones 99 and 1 13, 
thereby extending the BAC 123/133 contig in one direction, BAC-end sequencingjof 
these two BAC clones lead to the development of two new markers? 99L and 1 13rI" W '* 
Screening of the ARD 1 197-16 BAC library with 69R lead to the extension of the 
141/69 contig. Consecutive screening of the BAC library with markers derived from 
BAC clones that further extended this contig lead to the isolation of BAC clones 36, 41 
and 1 12, and the development of markers 36L. 41 Land 112L 

In an attempt to complete the BAC contig across the Rpi-blb2 locus, the ARD 1197-16 
BAC library was enlarged with an additional 38864 BAC clones of -I00kb (384-well 
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plate numbers 178-273). This second library was screened with markers 24L, 24R, 
123L and 141R, leading to the identification of BAC clones positive for both 24R and 
123L (e.g. 191) and BAC clones positive for 24L (211 . 242). In this way, the gap be- 
tween BAC 24 and 123 was closed and the 24/14 contig was extended towards BAC 
clone 1 41 . There were no new clones in the extended ARD 1 1 97-1 5 library that were 
positive for marker 1 41 R. 

Example 7: Construction of additional markers in BAC 1 23/1 33 region. 

In an attempt to develop additional polymorphic markers from BAC 123 and 1 33, a 1 0 
■^^^kbjsubj^p^ both BAC t 1 23,an f 1 33.,BACPNA n was Partially 

cleaved with SauSM and fragments of approximately 10 kbp were cloned in the BamHI 
site of vector pBINPLUS. In order to select clones containing the original BAC-end se- 
quence, 288 subclones of BAC 123 and 192 of BAC 133 were screened with the BAC- 
end markers 123L or 133R. In total 14 subclones were positive for marker 123L and 11 
for marker 1 33R. Subsequently, the orientation of the BAC-end positive clones was 
determined by several PCRs using either the forward or reverse primer of the relevant 
BAC-end marker in combination with primers M13F or M13R (Table 3). For marker 
123L three sub-clones and two sub-clones for marker 133R were selected and the 
ends not containing the 123L or 133R marker were sequenced (approximately 500 bp). 
Based on the new sequence two new primers were designed for subclone 123 result- 
ing in marker 123L2 and two new primers were designed for subclone 133 resulting in 
marker 123R2. SCAR marker 123L2, which was located 10 kbp proximal to marker 
123L, appeared to be polymorphic in mapping populations ARG 95-3, ARP 96-1 1 and 
as CAPS in B6. SCAR marker 133R2, which was located 10 kbp distal to marker 133R, 
was only polymorphic in mapping populations ARG 95-3 and ARP 96-1 1 . 
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Example 8: Fine mapping of the Rpi-blb2 locus in ABPT derived mapping popula- 
tions. 

In order to fine map the Bpi-blb2 locus in ABPT derived mapping populations a total of 
2283 newprogenyclones of mapping pppulation,ARG 95-3 and 598 clones of mapping 
population ARP 96-11 were tested for resistance to LB in the field at the trial sttl of 
Marknesse in 2000 (Table 2). In population ARG 95-3 846 clones (37%) were scored 
susceptible and 886 clones resistant (39%). The phenotypes of the remaining 551 
clones were unclear. In population ARP 96-11 256 clones (45%) were scored suscepti- 
ble and 170 clones (30%) resistant. The phenotypes of the remaining 142 (25%) were 
unclear (Table 2). The 846 and 170 resistant clones from mapping ir^-jwimjLj 
ARG 95-3 and ARP 96-1 1 , were selected for recombinant screening with SCAR marker 
CT21 6 and CAPS marker 41 L or 36L, respectively. | n total 85 (9.6 cM) and 22 
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(12.9 cM) recombinants were obtained in mapping populations ARQ 95-3 and ARP 96- 
1 1 respectively, that were subsequently screened with CAPS marker 67L reducing the 
number of recombinants to 5 (0.56 cM) in the marker interval 67L - 36L in case of 
mapping population ARG 95-3 and to 4 recombinants (2.35 cM) in the marker interval 
5 67L - 41L in case of the mapping population ARP 96-1 1 (Figure 8). These remaining 9 
recombinants were further analysed with SCAR and CAPS markers 113R, 99L, 133R, 
1 33R2, 123R, 123L, 24R, 1 4L, 24L, 141 R, 69L. E40M58e and 69R. The latter two 
markers were scored only in mapping population ARG 95-3. 

10 In population ARG 95-3 two clones showed recombination between markers E40M58e 
and 69L, positioning the jB$M&gena. 0 : 23cM proximal lp.marker i E40ifl56e.J^^ 
other clones were recombined between markers 1 13R and 67L and one was recom- 
bihed between markers 133R2 and 133R, positioning the Rp/-b/b2gene 0.1 1 cM distal 
to marker 133R. 



H*f'* ■ ■ . -nil* u * ■■ 



15 



In population ARP 96-11, no recombination was detected between markers 41 L and 
69L, positioning the Rpi-blb2 gene 0.58 cM proximal to marker 36L Two progeny 
clones were recombined between markers 1 13R and 67L, and one clone was recom- 
bined between markers 99L and 133R, positioning the Rp/-M>2gene 0.58 cm distal to 
20 marker 99L (Figure 8; Figure 9). 

Example 9: Evaluation and genetic mapping of late blight resistance in a 
S. bulbocastanum intraspecific mapping population. 

25 In order to develop an intraspecific mapping population of $. bulbocasianum, a resis- 
tant clone Bib 2002 was obtained from an inter accession cross (Figure 1 0). This clone 
was reciprocally crossed with a susceptible clone Bib 48-5 that was selected also in 
progeny from an inter accession cross (Figure 1 0). The resulting population was desig- 
nated B6 with synonyms B6a, Bib 99-229. Bib 00-7 and j Blb 00-8 

30 

initially a small group of 47 progeny plants of the B6 population was screened for resis- 
tance to P. infestans in a partially repeated detached leaf assay using a sporangio- 
spore solution of isolate IPC655-2A of P. infestansls inoculum. Plants with ImSSSSm' **' ^ 
clearly showed sporulating lesions 6 to 9 days after inoculation were considered to 
35 have a susceptible phenotype whereas plants with leaves showing no visible symp- 
toms or necrosis at the side of inoculation in the absence of clear spoliation were 
considered to be resistant Of the 47 seedlings. 23 scored resistant and 24 susceptible 

— . These data indicated that the progeny of mapping population B6 gave clear segrega- 
tion of the resistance trait in the detached leaf assay and that resistance could be due 

40 to a single dominant gene Or a tightly linked gene cluster. In order to determine the 
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chromosome position of this locus, 46 seedlings were analysed with markers 1 12L and 
E46M52e. Manner 1 12L was found to be linked in repulsion with the resistant pheno- 
type. as only two recombinants were obtained between this maiker and the phenotype 
of the 46 seedlings (4 cM). Also, marker E46M52e was found to be linked in repulsion 
5 with the resistant phenotype. Here, five recombinants were obtained between marker 
E46M5Ze and the phenotype (1 1 cM). Furthermore, markers 69R, 69L and 141 R were 
used for analysis of the seven recombinants between markers 112L and E40M58e with 
an additional group of 6, 15 and 14 non recombined seedlings respectively, and found 
to be completely linked in either coupling (marker 69R) pr repulsion phase (markers 
1 0 69L and 1 41 R) to resistance, indicating that the resistance gene was located at the 
- ~ sa ** locus - Le - ASjn^AB^dexived^apRing populations... , , u 



In order to determine the position of Rpi-blb2 more precisely relative to the available 
markers, another 849 seedlings of the B6 mapping population and 1054 seedlings from 

15 the reciprocal cross (Figure 1 0) were grown and analysed for recombination between 
the markers E46M52e and 11 2L. Thus, in addition to the initial 47 seedlings, a total of 
1 903 individual offspring clones of the B6 population were screened. Recombination 
between markers E46M52e and 112L was detected in a total of 138 of these seedlings 
(7,25 cM). Fine mapping of the Rpi-blb2 locus was carried cut In two steps. Firstly, the 

20 group of 1 38 recombinants was reduced to 1 9 by additional screening with markers 
l4Lb, 113R, 123L2, 24L, 141 R and 69L (Table 3), derived from left (L) and right (R) 
border sequences of BAC clones isolated from the ARD 1 1 97-1 6 BAC library and sub- 
sequent selection of all the seedlings that were recombined between markers 1 13R 
and 69L. Possibly due to double recombination, 4 recombinants gave patterns for the 

25 markers scored that deviated from scores expected in the case of single recombination 
events in the genetic interval studied and when assuming co-linearity of markers. 
These were withdrawn from further analyses. Secondly,, the remaining 15 recombinants 
were analysed with markers from border sequences of BAC clones isolated from the 
Bib 2002 library, SPB39L and SPB30L. or with MiGA markers 24L9spec, 24Lspec and 

30 14L24L (Table 3). Results of marker analyses of these remaining 1 5 recombinants, 
which gave clearly interpretable marker scores and phenotypes, positioned the Rpi- 
btbZ locus between markers 69L and 24L, on a 0.1 1 cM (n=1 899) genetic interval (Fio- 
ure 11). ... 

35 Example 10: AflGA markers 

Southern analysis of BAC clones 14, 24, 123 and 133 using markers 1Z3R, 14L, or 24L 
as probes showed that these BAC clones contained several resistance genaanalogs . 
(RG As). In view of the homology between the sequences of markers 1 4L, 24L and 
40 . 123R with the Mil gene from tomato, RGAs within the Rpi-blb2 region are hereafter 
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referred to as Mi gene analogs (M/GAs). In an attempt to develop additional polymor- 
phic markers within the Rpi-blb2 inteival, PCR fragments generated from BAC clones ^ 

24 and 123 with the primer combination 14LR and 24LF were cloned into the pGEM-T 
vector (Promega, the Netherlands) and partially sequenced. Based on the alignment of 
these partial sequences, a set of universal primers were designed, univi 4L and 
univ24L (Table 3), with the aim to amplify the corresponding region of as many as pos- 
sible MSGAs within the Rpi-blbz interval. This universal primer set was subsequently 
used to develop iW/GA specific SCAR/CAPS markers linked to Rpf-blb2 (e.g. markers 
14L24L, 24Lspec, 24L9spec; Figure 9). 

: Example 11 u Physical mapping of the S. bulbocastanum derived Rpi-blb2 mmis ^ 

The resistant clone Bib 2002 heterozygous for the Rpi-blb2 locus, was used as source 
DNA for the construction of the S. bulbocastanum BAC library, hereafter referred to as 
the Bib 2002 BAC library. High molecular weight DNA preparation and BAC library 
construction were carried out as described previously. A total of approximately 100.000 
clones were generated and stored as 50 bacterial pools containing approximately 2000 
white colonies. These bacterial pools were generated by scraping the colonies from the 
agar plates into Luria Broth medium containing 1 8% glycerol and 12.5 ug/ml chloram- 
phenicol using a sterile glass spreader. For the screening of the Bib 2002 BAC library, 
plasmid DNA was isolated from each pool of clones using the standard alkaline lysis 
protocol and PCR was carried out to identify positive pools. Bacteria corresponding to 
positive pools were diluted and plated on Luria Broth agar plates containing chloram- 
phenicol (12.5 ug/ml). Individual white colonies were subsequently picked Into 384-well 
microtiter plates and single positive BAC clones subsequently Identified as described 
previously. Names of BAC clones isolated from the Bib 2002 BAC library carry the pre- 
fix BlbSP. 



in order to build a Bib 2002 derived BAC contig across the Rpi-blb2 genetic marker 
30 interval (69L-24L) the Bib 2002 BAC library was screened with markers 141 R and 24L. 
This lead to the isolation of BAC clones BlbSP39 and BlbSP30 f which overtap with 
each other, and span the 141 R-24L marker interval. BAC end sequences bf both BAC 
clones were used to dovelop the markers SPB30L and SPB39L (Figure 9). ~" "". 

35 Example 12: Complementation analyses. 

For complementation purposes, all flp/-M>2gene candidates, i.e. all Af/GAs present on 



40 



BAC clones BlbSP30, BlbSP39, 24,242 and 211, were targeted for subcloning into the 



binary vector pBINPLUS (van Engelen # at., 1996). This was done as follows. Aliquots 
of approximately 1 ug BAC DNA were digested with 1 U. 0.1 U or 0.01 U of Sau3AI re- 
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strlction enrym for 30 min. The partially digested BAC DNA was subjected to contour- 
clamped homogeneous electric field (CHEF) electrophoresis at 4°C in 0.5 X TBE using 
a linear increasing pulse time of 1-10 sec and a field strength of 6 V/cm for 1 6 hr. After 
electrophoresis, the agarose gel was stained with ethidium bromide to locate the region 
5 of the gel containing DNA fragments of approximately lOkbp in size. This region was 
excised from the gel and treated with GELASE (Epicentre Technologies, USA) accord- 
ing to the manufacturer. The size selected DNA was ligated to the BamHI-digested and 
dephosphorylated binary vector pBINPLUS (van Engelen etaL, 1995) followed by 
transformation to ElectroMAX E. co*DH1 0B competent cells (Life Technologies, UK). 

10 Per BAC clone a total of 384 clones were PCR screened for the presence of IW/GA se- 
^Hence^^ wegse- 
lected for further characterisation. Based on the restriction pattern of the14L24L frag- 
ments digested with the enzymes Rsal. Tacfl, AM, Dpnll or'Afeel, the different groups 
of M/GAs were identified. The Af/GA harbouring the marker 24L, which was completely 

1 5 present on BAC clones BlbSP39, 21 1 and 242 was not detected with the universal 
primers univ14L and univ24L 

The relative position of the MiGA sequences in the 10kbp subclones was determined 
by PCR using internal primers 123MI and 14L2 for the 5' end and univl4L and 24L2 for 
20 the 3* end in combination with primers derived from pBINPLUS vector sequences 
(ARO 295 and 296; Table 3). Two subclones per RGA of each BAC-library were se- 
lected for transformation. 

For complementation analysis, the selected subclones were transferred to the suscep- 
25 tible potato cuitivars Impala and Kondor through Agrobacterium mediated transforma- 
tion using isolate UIA143 (Farrand etaf., 1989) or AGLO (Lazo et al., 1991). Primary 
transformants harbouring the transgenes of interest were tested for resistance to 
P. infestans in detached leaf assays using isolate IP0655-2A and IPO82001 (Table 4). 
Only the genetic constructs harbouring RGC5 r both derived from S. tuberosum and 
30 S. bulbocastanum, were able to complement the susceptible phenotype both In cultivar 
Impala and in Kondor; in total 18 out of 19 RGCS containing primary transformants 
were resistant (Table 4, Figure 12) whereas all RGC1, RGCz, RGC3, RGC4, RGC6 
and RGC7 containing primary fransfomi'ante were susceptible to P. infestansfAs 
the RGCS transformants showed similar resistance phenotypes as the resistant 
35 S. bulbocastanum parent of mapping population Be, RGCS was designated the 
Rpi-blb2ger)e. The homologues RGC8 and RGC24L can also be transferred to the 
described susceptible potato cuitivars and tested for resistance to P. Infestans in a de- 
— , tached leaf *ggay , t t , 



mmmmm 
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A selection of primary transformants containing RGC5 was analysed for copy number 
by Southern analysis. EcoRI digested genomic DNA was hybridised with a nptll probe 
(Table 3). Based on the presence of the number of nptll hybridising fragments, the pri- 
mary transformants contained at least 1 to 1 1 transgene inserts. In total, 4 single copy 
5 integrations in cuftivar Impala and 6 fn cultivar Kondor were observed of which one 
cultivar Kondor transformant appeared to have a P, Infe&ans susceptible phBnotype. 

To investigate whether Rpi-blb2 can also complement the susceptible phenotype in 
tomato, primary transformants of cultivar MoneymaKer harbouring the Rphblb2 gene 
1 0 construct can be produced and tested with a tomato isolate of p. infestans or with the 
„ potato^derived ^^}P ^^^o^lPOe sS4tA. The disease resistance assay can 

reveal that Rpi-blb2 is able to complement a susceptible tomato phenotype. ^^* tfinnrf,]l i - 

Example 1 3: Rpi-blb2 gene structure and putative amino acid sequence 

15 

The inserts of the RGA5 containing binary subclones 21 1 F/C12 and SP39-20 were 
sequenced by a primer walk strategy whereby consecutive rounds of sequencing were 
carried out using a set of nested primers which were designed as the contiguous se- 
quence was extended. The first set of sequences was generated using the M1 3F and 

20 M1 3R primers. The complete sequences of the inserts of clones 21 1 F/C1 2 and SP39- 
20 consisted of 7967 and 9949 nucleotides (nt), respectively (Figure 13). The se- 
quence of clone 21 1 F/C12 was identical to the corresponding sequence within clone 
SP39-20, The position and putative structure of RphblbZ was predicted using GEN- 
SCAN (Burge and Karlin, 1997), GeneMark (Lukashin and Borodovsky 1998) and 

25 through alignment to the gene sequences of Mil. 1 and Mil JL 

The Rp'hblb2 gene putatively contains two introns. Based on homology of these intron 
sequences to those present in MI1.1 and Mil. 2 we predict Intron 1 to be positioned 
within the 5' untranslated region (UTR), ending 32 nucleotides upstream of the putative 

30 ATG start codon. Intron 2 is predicted to be 86 nt long starting 43 nucleotides down- 
stream of the ATG start codon of the gerie (Figure 13). The coding sequence of the 
Rpi-blb transcript is preyed to be 3804 nt The exact length of the transcript can be 
determined through 5'and 3' rapid amplification of cDNA ends (RACE) using thei Sen-® 8 ^ ^ 
eRacer™ Wt (Invitrogen™, Groningen, the Netherlands). 3' RACE Is carried out with a 

35 set of nested Rphblb2 specific oligonucleotides, which match sequences wfthin the last 
500 nt of the coding sequence of Rpi-blb2 m combination with the GeneRacer™ 3 1 
primer and GeneRacer™ 3' nested primers. 5' RACE is carried out on cDNA synthe- 
sised with an oligotfT primer or a primer complementary to a Rpf-blb2 specific se- 
quence 500-1000 nt downstream of the ATG codon, using a set of nested Rpi-blb2 

40 specific oligonucleotides which are complementary to sequences within first 500 nt of 
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the coding sequence of Rpi-blb2 in combination with the GeneRacer™ 5' primer and 
GsneRacer™ 5' nested primer. 

The deduced open reading frame of the Rphblb2 gene encodes a predicted polypep- 
tide of 1 267 amino acids with an estimated molecular weight of 1 46 kDa (Figure 1 4). 
5 Several functional motifs present In R genes of the NBS-LRR class of plant R genes 
are apparent in the encoded protein. As illustrated in Figure 14, the Rpi-blb2 protein 
belongs to the leucine zipper (LZ) subset of NBS-LRR resistance proteins. The N- 
terminal half of the Rpj-blb2 protein contains a potential LZ region between amino acids 

413 and 434 and six conserved motifs indicative of a nucleotide^binding site (van der 

10 Biezen and Jones, 1998). The C-terminal half of Rpi-bib comprises a series of 15 ir- 
regularXRRs that^an.be.aligned.according.tojhe consensus sequence • 
hxxrocxLxxLxLxxC/N/S^LxxLPxx observed in other cytoplasmic R^Ss, whereby 
h can be L, I, M, V or F, and x any amino acid residue (Jones and Jones; 1 997). 

15 Example 14: Homology to known state of the art R gene sequences 

To identify in sifioo homologues of the HpAo/bSgene, BLAST searches (Altschul etal. 
1990) were carried out with the coding sequence of the Rphbib2 gene. BLASTN 
searches identified a number of sequences with significant homology to the Rpi-blbZ 

20 gene. Using the alignment programme ClustalW (standard settings) in the DNAStar 
software package, we determined that the Rpi-blt>2 coding sequence shares the high- 
est homology to Mi-1.1 (89.8%) and Mi-1.2 (89.7%) (Genbank accession numbers 
AF039661 and AF039682, respectively). The latter sequence corresponds to the Mi 
gene from tomato that confers resistance to three of the most damaging species of the 

25 root knot nematodes (Mebidogyne spp.) (Miliigan ef a/., 1998). In addition nucleotides 
2410-3461 of the Rpi-bfb2 coding sequence share 87.8% sequence homology to a 
partial IMBS-LRR sequence from Solanum nigrum (Genbank accession number 
AY055116.1). At the amino acid level the putative Rpi-blb2 protein sequence shares 
the highest homology to MI-1.1 (82% Identity) and Mi-1.2 (81% identity) (Genbank ac- 

30 cession numbers AF039681 and AF039682). 

Through CiustaiW algnm^^ 
andMi-1.2wehaveidentified200aminoac^ - 
blb2 (Figure 15). Of these, 31 are found at hypervariable positions, i.e. the residue at 

35 his pos,hon .s Afferent in all three sequences and 11 are encoded by small insertions 
(one 3 aa residua insertion and one 6 aa residue insertion). The rest are Rpi-blbZ 
specific in that the aa residues encountered at corresponding positions in MM .1 and 

- MM .2 are different from the Rpi-blb2 residue but conserved in the two Mi protein se-<__ ?; , 
quences (Figure 15). Interestingly, the VLDL motif that Is conserved in the third LRR 
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many NBS-LRR proteins including Ml (Axtell etah, 2001; Banerjee ef a'-, 2001), is not 
conserved in Rpi-blb2 (Figure 15). 

Example 15: Rpi-blb2 allele mining in wild Solatium species 

Using primers ARF1 F and ARF1R (Table 3B), designed around the start and stop 
codon of the Rpi-bibz gene, it is possible to amplify by PCR, alleles of RphblbB from - 
any Solanum species. The amplification products can be cloned between transcrip- 
tional regulatory sequences in a binary plasmid and transferred to S. tuberosum 
1 0 through Agmbacterium mediated transformation or any method known to those skilled 
* ^, in the art The resulting primaiyjranstonjnante.can subsequently be analysed for resis- 
tance to P. infestans or to any pathogen for which potato is a host plant. 



15 



Example 1 6: Material and methods 



Plant material and development of mapping populations in (1) Solanum tuberosum. 
Complex interspecifc hybrid clones, designated ABPT, were made by Hermsen and 
co-workers (Hermsen, 1966; Hermsen and Ramanna, 1969; Ramanna and Hermsen, 
1971; Hermsen and Ramanna, 1973; Hermsen, 1983; Hermsen, 1994) (Figure 1a). 

20 The chromosome doubling step with colchicines was described by Hermsen (1 966) 
and Hermsen and De Boer (1971). The resistance in some of the ABPT clones to 
P. infestans is believed to be derived from either one or both of the accessions from 
S. bulbocastanum BGRC 8007 (CGN 21306; Pi 275196) and BGRC 8008 (CGN 
1 7693; Pi 2751 98) that were used in the initial cross to produce hybrids between 

25 S. acaule and S. bulbocastanum, since all other parents that were used in the breeding 
scheme for ABPT-clones were susceptible or only partially resistant to P. infestans in 
detached leaf assays (Hermsen and Ramanna, 1973). Tubers from 1 9 clones of popu- 
lation [(ABPT clone number 55 x cultivar (cv) Oberambacher Fruhe) x cv Arkula], from 
7 clones of population [(ABPT clone number 55 x cv Oberambacher Fruhe) x cv 

30 Blanka] and from 5 clones of population [(ABPT clone number 60 x cv Alcmaria) x cv 
Jaf^rere^elyed. in-l 988;f rom ^fomjirPepaoment ofPiantB reedin q:of theatt 
Wageningen Agricultural University (Wageningen, the Netherlands). Clones ARF 87- 
507, ARF 87-801 and ARF 87-601 were selected from these populations respectively! 
They represented offspring from a second backcross (BC2) with the complex inter- 

35 specific ABPT-clones and were used for further back crosses that resulted In one 

tetraploid BC3 population, two tetraploid BC4 populations and one diploid BC4 popula- 
tion that were used for genetic mapping of the Rpi-blb2 gene (Rgure 1). The tetraploid 
Solanum tuberosum mapping population ARG 95-15 was produced by crossing 
P. infestans ■ 

40 resistant clone ARF 87-507 with the susceptible cultivar Alkon. Tetraploid population 
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ARG 95-3 was produced by crossing P. infestans resistant clone AR 91-1263 with the 
susceptible culovar Cosmos. Tetraploid population ARP 96-11 was produced by cross- 
ing resistant clone AR 92 T 1292 with the susceptible cultivar Celeste. The diploid popu- 
lation DP.1 was obtained by crossing the resistant clone ARD 1 197-1 6 with the suscep- 
tible clone ARD 93-2090 (Figure 1). 

Plant material and development of mapping populations in (2) Solanum bulbocasta- 
num. 
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the diploid S, bulbocasianum mapping population, designated B6 (synonym B6a. 
Bib 99-229, Bib 00-7 and Bib 00-8), was developed by crossing a P. infestans resistant 
clone Bib 2002 (synonym M94-B1-C) with a susceptible clone Bib 46-5. Results from 
reciprocal crosses of population B6 were combined. The resistant parental clone of 
population B5 was obtained from a cross between S. bulbocastanum clone Bib 93- 
D26-3 (accession BGRC 8002; CGN 17690; Pi 275187) .as female parent and 
S. bulbocastanum clone Bib 93-6tM0 (accession BGRC 8006; Pi 275194) as male 
parent The susceptible parental clone of population B6 was obtained from a cross be- 
tween 5. bulbocastanum clones from accessions BGRC 8005 (CGN 17692, PI 275193) 
and BGRC 8006 (Figure 2). 

Disease assays;(1) Phytophthora infestans isolates 

Three different P. infestans isolates were obtained from Plant Research International 
B.V. (Wageningen, the Netherlands). Isolates had different race structures and mating 
types as follows: IPO8200i: race structure 1.2.3.4.5.6.7.10.1 1, mating type A2; 
IP0655-2A: race structure 1.2.3.4.5.6.7.8.9.10.11, mating type A1; IP0428-2: race 
structure 1 .2.3.4.5.6.7.8.9.10.1 1 , mating type A2 (Flier et a/., 2003). 

Disease assays; (2) field trials 

Glasshouse grown seedling tubers or field grown seed potatoes were planted at trial 
sites in Marknesse, the Netherlands from 1985 tot 2002, in the Toiuca area of Mexico 
t in-1991>or.ata-,site,in r ^ 

clones, plots were planted consisting of 1 to 10 tubers. Approiimateiy 8 weeks after" 
planting, the field at Marknesse was" Inocuilted with" a sporanglospore solution of"" • 
P. infestans isolate IPO82001 and disease scores were collected 3 to 6 weeks after 
inoculation, Clones that were free or nearly free from late blight were classified as hav- 
ing a resistant phenotype whereas clones with a complete of nearly complete blighted 
foliage were classified as susceptible. Clones with intermediate reactions to late blight 
. were classified as having an. unknown phenotype. At the field trials in Mexico and the • 
Philippines, natural infection had to occur. Once this natural infection by P. infestanf^ 
established, the percentage of blighted foliage of plants on each plot was scored on 8 
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and 6 days respectively on a 1-9 scale were estimated percentages of blighted foliage 
from 1 tot 9 were: o, 3, 10. 25, 50. 75. 90, 97 and 100 (Estrada-Ramos era/.. 1983). 

Disease assays; (3) detached leaves 
5 For the detached leaf assay, leaves from plants grown for 6 to 1 2 weeks In the green- 
house were placed in pieces of water-saturated florists foam, approximately 35x4x4 
cm, and put in a tray (40 cm width, 60 cm length and 6 cm height) with a perforated 
bottom. Each leaf was inocuiated with two droplets (25 pi each) of sporangiospore so- 
lution on the abaxial side. Subsequently, the tray was placed in a plastic bag on top of 
1 0 a tray, in which a water-saturated filter paper was placed, and incubated in a climate 
room at 1 7*C and a 1 6h/8h day/night photoperiod with fluorescent light (Philips 
. TLD50W784HF and OSRAM L58VW21 -840). After 6 to 9days, the leaves were evalu- 
ated for. the development of P. infestans disease symptoms. 
Evaluation: 

i 5 Plants with leaves that clearly showed sporulating lesions 6 to 9 days after inoculation 
were considered to have a susceptible phenotype, whereas plants with leaves showing 
no visible symptoms or necrosis at the side of inoculation in the absence of clear 
spoliation were considered to be resistant. 

20 Plant DNA marker screening 

Genomic DNA was extracted from young leaves according to Bendahmane etaL 
(1 997). For PCR analysis, 15 \s\ reaction mixtures were prepared containing 0.5 pg 
DNA, 15 ng of each primer, 0.2 mM of each dNTP, 0.6 units Taq-polymerase (15 U/pl, 
SphaeroQ, Leiden, the Netherlands), 1 0 mM Tris-HCI pH 9, 1 .5 mM MgCI 2 , 50 mM KCI, 
25 0.1 % Triton X-100 and 0.01 % (w/v) gelatin. The PCRs were performed using the 
following cycle profile: 25 seconds DNA denaturation at 94 a C, 30 seconds annealing 
and 40 seconds elongation at 72*0. As a first step in PCR-amplification DNA was 
denatured for 5 min at 94*0 and finalised by an extra 5 min elongation step at 72 9 C. 
The amplification reactions were performed in a Biometra® T-Gradient or Biometra® 
30 Un ° " theim0Cy Clef ^ W egttMjr 9' Leusden, the Netherlands). Depending on the marker, 
" — ™th~e~PCR product was di^ed^Wh^ih appropriate restrictio n en^m'e : An?6 v er^ >ew ^ i if j 

the markers including primer..sequBnces,.anne_aling temperature and rastriction ;,^-^ ^ 
enzymes if appropriate, is given in Table 3. Subsequently, the (cleaved) PCR products 
were analysed by electrophoresis in agarose or acrylamide gels. For acrylamide gel 
35 analysis, the CleanGel DNA Analysis Kit and DNA Silver Staining Kit (Amersham 
Pharmacia Biotech Benelux, Roosendaal, the Netherlands) were used. 



Elongation of AFLP fragments by Thermal asymmetric Interlaced (TAIL)-PCH 
Elongation of the sequence of an AFLP fragment was performed by TAIL-PCR accord- 
40 ing to Liu and Whittier (1995). Shortly, elongation of AFLP fragments was performed 
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using 2 or 3 nested specific primers (sp) in combination with an arbitrary degenerate 
(AD) primer, The first PCR was performed with primers sp1 and AD, the secondjMfrr 
sp2 and AD and the third with sp3 and AD according to the scheme described in Table 
5. The PCR was performed In 25 pi reactions containing the standard PCR mix as de- 
scribed before, except that 30 ng of primer AD was used. The elongated fragments 
were cloned in pGEM-T (Promega, the Netherlands) and sequenced. 

BAC library construction and screening 

The resistant clone ARD 1197-16, heterozygous for the Rpf-blb2 locus, was used as 

source DNA for the construction of the S tuberosum BAC library. The resistant clone 
Bib 2002 heterozygous for the Rpi-blb2 locus, was used a9 source DNA for the con- 
struction of the S. bulbocastanum BAC library. High molecular weight DNA preparation 
and BAC library construction were carried out as described in Rouppe van der Voort et 
ah (1999). For the S. tuberosum BAC library, approximately 120.000 clones with an 
average insert size of 100 kb, which corresponds to 8 to10 genome equivalents were 
finally obtained. A total of approximately 70.000 clones were individually stored in 1 77 
384-well ifriicrotiterprates at -80°c: Ariother'50,000 clones were stored las 14 bacterial 
pools containing approximately 4000 white colonies. These were generated by scrap- 
ing the colonies from the agar plates into Luria Broth medium containing 1 8% glycerol 
and 12.5 pg/ml chloramphenicol using a sterile glass spreader. These so-called super 
pools were also stored at -80°C. Finally, another 37.000 clones were added to the 
S. tuberosum BAC library. The S. bulbocastanum BAC library consisted of 48 super 
pools of approximately 2.000 colonies. 

Marker screening of the BAC ffltirary harbouring the individually stored BAC clones was 
carried out as described in Rouppe van der Voort et al. (1999). For the screening of the 
BAC. library stored as super pools, plasmid DNA was isolated from each pool of clones 
using the standard alkaline, lysis protocol and PCR was carried out to identify positive 
pools. Bacteria corresponding to positive pools were diluted and plated on Luria Broth 
agar plates containing chloramphenicol (12.5 pg/ml) Individual white colonies were 
^subsequehtirpickeii;intol38i^l!MciPitter plates and.single positive BAC clones 
subsequently identified as described above. Names of BAC clones Isolated from the 
super pools carry the prefix SP (e.g. SP39). <*--• • ^ 

Subclohing of candidate genes 

Candidate RGAs were subcloned from BAC clone 24, 211, 242, BLBSP39 and 
BLBSP30 as follows. Aliquots of approximately 1 ug BAC DNA were digested with 1 U, 
0.1 U or 0.01 U of Sau3M restriction enzym for 30 min. The partially cleaved BAC DNA 
was subjected to CHEF electrophoresis at 4°C in 0.5 X TBE using a linear increasing 
pulse time of 1-10 sec and a field strength of 6 V/cm for 16 hr. After electrophoresis. 
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the agarose gel was stained w'rth ethidium bromide to locate the region of the gel con- 
taining DNA fragments of approximately 10 kbp in size. This region was excised from 
the gel and treated with GELASE (Epicentre Technologies, USA) according to the 
manufacturer. The size selected DNA was ligaied to the SamHI-cleaved and dephos- 
5 phorylated binary vector pBINPLUS (van Engelen ef a/., 1 995) followed by transforma- 
tion to EleetroMAX E. coil DH10B competent cells (Life Technologies, UK). A total of 
192 clones were PCR screened for the presence of RGC sequences using the primers 
of marker 24L14L (Table 3). Positive Clones were selected for further characterisation. 
Identification of clones harbouring RGC1, RGC2, RGC3, RG4, RGCS, RGQ6, RQC7, 
1 0 RGC8 and RGC24L was carried out by sequencing 14L24L PCR fragments derived 
from positive clones. The relative position of the RGAs within_a subclone was deter- , 
mined by PCR analysis using internal primers (24L2, 123MI) In combination with pBIN- 
PLUS specific primers (Table 3). 

15 Agrobacterium tumefaciens mediated transformation of potato 

Binary plasmlds harbouring the candidate genes were transformed to A tumefaciens 
strains AGL0 (Lazo etal., 1991) or UIA143 (Farrand et a)., 1989), the latter containing 
the helper plasmid pCH32 (Hamilton ef a/., 1996). Overnight cultures of the trans- 
formed A. tumefaciens strains were used to transform potato tuber discs (cvs Impala 
20 and Kondor) according to standard protocols (Hoekema et ah, 1989: Fillati etal., 1 987). 
Shortly, certified seed potatoes of cuitivais Impala and Kondor were peeled and sur- 
face Sterilised for 30 min in a 1 % sodium hypochlorite solution containing 0.1 % 
Tween-20. Tubers were then washed thoroughly in large volumes of sterile distilled 
water (4 times, 10 min). Discs of approximately 2 mm thickness and 7 mm in diameter 
25 were sliced from cylinders of tuber tissue prepared with a corkbore. The tuber discs 
were transferred into liquid MS30 medium containing A. tumefaciens and incubated for 
15 min. After removing the A, tumefaciens solution, the tuber discs were transferred 
to regeneration medium containing MS30, 0.9 mg/l IAA, 3.6 mg/l zeatine riboside and 
8 g/l agar (Hoekema etal., 1989). The plates were incubated at 24'C, 1 6 hour day- 
30 length (Philips TLD50W/84HF). After 48 hours of co-cufbvation, the tuber discs were 
• rinsed for 5 min in liquid MS medium including antibiotics, 200 mg/I vancomycin ~ . — -*„ 

250 mg/l cefotaxlm and 75 mgfl [k^amydn. and transferred to regeneration medium - ^ 
supplemented with the same antibiotics. The plates were lncubmelat 24*C, lelTo^^ 3 ***'- 
day-length (Philips TLD50W/84HF). Every three weeks, the tuber discs were trans- 
35 ferred to fresh medium. Regenerating shoots were transferred to MS30 medium con- 
taining 75 mg/l kanamycln. Rooting shoots were propagated in vitro and tested for ab- 
sence of A. tumefaciens cells by incubating a piece of stem in 3 ml Luria Broth medium 
(3 weeks, 37=c, 400 rpm). One plant of each transformed regenerant was transferred, 
to the greenhouse. 
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Agrobacterium turnefyciens mediated transformation of tomato 
Seeds of the susceptible tomato line Moneymaker are rinsed in 70% ethanol to dis- 
solve the seed coat and washed with sterile water. Subsequently, the seeds are sur- 
face-sterilised in 1.6% sodium hypochlorite for 15 minutes, rinsed three times in sterile 
5 water and placed in containers containing 140 ml MS medium pH 6.0 (Murashige and 
Skoog, 1962) supplemented with 10 gfl sucrose (MS10) and 160 ml vermiculite. The 
seeds are left to germinate for 8 days at 25°C and 0.5 W/M 2 light. 

Eight day old cotyledon explants are pre-cultured for.24 hours in Petri dishes contain- 

10 ing a two week old feeder layer of tobacco suspension cells plated on co-cultivation 
*^medium.(MS30 pJB JL8jsuppler^ fami nes (Duchefa Biochemie BV 

Haarlem, the Netherlands), 0.5 g/l MES buffer and 8 g/l Daichin agar). 



Overnight cultures of A, tumefaciens are centrifuged and the pellet is resuspended In 
1 5 call suspension medium (MS30 pH 5.8 supplemented with Nitsch vitamines, 0.5 g/l 
MES buffer, pH 5.8) containing 200 pM acetosyringone to a final O.D. B0D of 0.25. The 
explants are than infected with the diluted overnight culture of A~iumef&cieris\J\/K\ 43 
containing pBINRGC5 for 25 minutes, blotted dry on sterile filter paper and co-cultured 
for 48 hours on the original feeder layer plates. Culture conditions are as described 
20 above. 

Following the co-cultivation, the cotyledons explants are transferred to Petri dishes with 
selective shoot inducing medium (MS pH 5.8 supplemented with 10 g/l glucose, includ- 
ing Nitsch vitamines, 0.5 g/l MES buffer, 5 g/l agargel, 2 mg/I zeatine riboside, 400 mg/l 

25 carbeniciliine, 100 mg/l kanamicine, 0.1 mg/l iaa) and cultured at 25 9 C with 3-5 w/m 2 
light. The explants are sub-cultured every 3 weeks onto fresh medium. Emerging 
shoots are dissected from the underlying callus and transferred to containers with se- 
lective root inducing medium (MS10 pH 5.8 supplemented with Nitsch vitamines, 0.5 g/l 
MES buffer, 5 g/l agargel, 0.25 mg/l IBA, 200 mg/l carbenicillin and 100 mg/l kana- 

30 mycine). 

*- . . *• * >-mf\£* , ... 

RNA extraction ^ "-" 

Total RNA can be isolated using f rizol 8 acco'rding to the protocol supplied bylne^*** a * IBI " 
manufacturer (Invitrogen™. Groningen. tne Netherlands) with minor modifications. 

35 Briefly, 0.5 g of young leaf tissue is ground in liquid nitrogen and the powder sus- 
pended in 5 ml Trizol®. After a 5 min incubation at room temperature (RT), 0.5 ml 
chloroform is added, the suspension is vortexed and incubated for 2 min. After cen- 
trifugation (15 miri, 1 1404 x g, 4°C) the supernatant is transferred to a new tube and 
2.5 ml isopropanol is added. After 1 0 min at RT. nucleic acids is precipitated (10 min, 

40 1 1 404 x g, 4=C). The pellet is washed with 5 ml 70% ethanol (5 min, RT) and after cen- 
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trifugation (5 min, 6415 x g, 4*0), the pellet iss dried and resuspended in 100 pi sterile 
distilled water. 

PolyA RNA can be extracted from total RNA using the Oligotex™ kit (Qiagen, GmbH, 
Germany). 

5 

Rapid amplification of cDNA ends 

The 5' and 3' ends of the Rphbfb2 cDNA and confirmation of putative intron positions 
can be determined by rapid amplification of cDNA ends (RACE) using the Gen- 
eRacer™ kit (Invitrogen™, Groningen, The Netherlands). 3' RACE is carried out with 

10 a set of nested Rpi-blb2 specific oligonucleotides which match sequences within the 
. last 500 nt of the coding ^^CB0j^Rpi-b(b 2 in combination with the GeneRacer™ 1 3' 
primer and GeneRacei™ 3' nested primers?5' RACE is carried out on cON^yS- B 1 11,1 mi m 
thesised with an oligodT primer or a primer complementary to a RpUb\b2 specrfic 
sequence 500-1000 nt downstream of the ATG codon, using a set of nested Rpi-blb2 

1 5 specific oligonucleotides which are complem entary to sequences within first 500 nt of 
the coding sequence of Rpi~blb2 in combination with the GeneRacer™ 5' primer and 
GeneRacer™ 5' nested primer. 

AFLP fingerprinting and cloning of AFLP fragments 

20 Template preparation and AFLP fingerprinting were essentially performed as described 
in Vos etaL (1995). In orderto clone specific fragments ^P-labelled AFLP fragments 
were excised out of the acrylamide gel by overlaying the polyacrylamlde gels, dried on 
Whatmann 3MM paper r with autoradiogram images. The pieces of gel/paper under- 
neath the band of interest were cut out and transferred to 200 mI of TE and incubated 

25 for 1 h at room temperature. Five microntres of supernatant was used to re-amplify the 
fragment, using a PGR in which the EcoRI+0 in combination with M$e\+0 were used as 
primers. The re-amplified AFLP fragment was subsequently cloned into the pGEM-T 
cloning vector (Promega, the Netherlands) and the inserts of several clones se- 
quenced. 



The DNA sequence of the excised AFLP band was used to design locus-specific pri- 
mers. The amplification product obtained with such primers was screened for internal 
polymorphisms with restriction enzymes. After restriction, the fragments were separated 
on a 2-3% agarose gel including ethidiumbromide. 



RGA-AFLP analysis 

Template preparation was essentially performed as described In Vos et ah (1995). 
, . However, the. second amplification step was carried out with the P-loop based primer 

S1 from Leister etaL (1996) in combination with the EcoRI+0 AFLP primer. A 10 \i\ 
40 reaction mixture [0.5 pi ^P-labelled S1 primer (10 ng/pl); 0.5 |il EcoR1+0 primer 
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(10 ng/pl); 0.8 pi dNTPs (5mM); 2 pi 10xGoldstar™ PGR buffer (Eurogenetc, Belgium); 
1.2 Ml MgCI 2 (25.mM); 0.06 pi Goldstar™ DNA polymerase (5U/pl) (Eurogentec, Bel- 
• gium); 14.94 pi MQ water] was added to 10 pi diluted template (20x diluted in MQ 
water) and a PGR reaction performed using the following cycle profile: 45 seconds 
DNA denaturation at 94 H C > 45 seconds primer annealing at 492c and 2 min elongation 
step at 72 2 C (35 cycles). Prior to the cycling the template DNA was denatured for 2 min 
at 94 9 C and the PCR was finalised by a applying an extra 5 min elongation step at 
72 a C. The amplification reactions were performed in a Perkin Elmer 9600 thermocycler. 
The labelled PCR products fragments were separated on a q% pplyacrylamide gel and 
the individual bands visualized by autoradiography according to standard procedures. 
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Claims 



1 . A method for generating or Increasing the resistance of a plant to a plant patho- 
gen of the phylum Oomyceta comprising increasing the activity of Rpi-blb2 pro- 
tein in the plant or a tissue, organ or ceil of a plant or a part thereof. 

2. The method of claim 1 , wherein said Rpl-blb2 protein is encoded by a poly- 
nucleotide comprising a nucleic acid molecule selected from the group consisting 

. . _of: ; _ ' ... . 



10 



(a) nucleic acid molecule encoding at least the mature form of the polypeptide 
depicted in SEQ ID NO: 2 or 4; 

(b) nucleic acid molecule comprising the coding sequence as depicted in SEQ 
ID NO: 1 or 3 or 5 or 6 encoding at least the mature form of the polypeptide; 

15 (c) nucleic add molecules the nucleotide sequence of which is degenerate as a 

result of the genetic code to a nucleotide sequence of (a) or (b); 

(d) nucleic acid molecule encoding a* polypeptide derived from the polypeptide 
encoded by a polynucleotide of (a) to (c) by way of substitution, deletion 
and/or addition of one or several amino acids of the amino acid sequence of 

20 the polypeptide encoded by a polynucleotide of (a) to (c): 

(e) nucleic acid molecule encoding a polypeptide the sequence of which has an 
identity of 70% or more to the amino acid sequence of the polypeptide en- 
coded by a nucleic acid molecule of (a) or (b); 

(f) nucleic acid molecule comprising a fragment or a epitope-bearing portion of 
25 a polypeptide encoded by a nucleic acid molecule of any one of (a) to (e); 

(g) nucleic acid molecule comprising a polynucleotide having a sequence of a 

: nucleic acid molecule amplified from a nucleic acid library using a primer as 
listed In Tab. 3b; 

(h) nucleic acid molecule encoding a fragment beginning with amino acid: 1 , 
30 30 T 50, 100 7 200, 300, 500, or 1000 and stopping with amino acid 1276, 

1000, 500, 300, 200, 50, or 1 of a polypeptide encoded by any one of (a) to 

(g); 

(i) nucleic acid molecule comprising at least 20 nucleotides of a polynucleotide 
of any one of (a) or (d); 

35 (j) nucleic acid molecule encoding a polypeptide being recognized by a mono- 

clonal antibody that have been raised against a polypeptide encoded by a 
nucleic acid molecule of any one of (a) to (h); 
.(k) nucleic acid molecule obtainable by screening an appropriate library under . . 
stringent conditions with a probe having the sequence of the nucleic acid 

40 molecule of any one of (a) to 0) or of a fragment thereof of at least 20; and 
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(I) nucleic acid molecule the complementary strand of which hybridises under 
stringent conditions with a nucleic acid molecule of any one of (a) or (k); 

or the complementary strand of any one of (a) to (I); 
5 or expressing a polypeptide encoded by a segment of chromosome or linkage 

group 6 of Solanum bulbocastanum or Solanum tuberosum which co-segregates 
with a marker selected from table 3a or 3b and which mediates resistance to a 
pathogen of the phylum Oomyceta 

and whereby the polynucleotide has not the sequence of Mil .1 or M11 .2 as . 
10 depicted in Seq. ID NO.: 7 or 9. 

3. The method of claim 1 or 2, wherein the activity of a further resistance protein is 
increased. 

15 4. The method of any one of claims 1 to 3, wherein activity is increased due to a de 
novo-expression. 

5. The method of any one of claims 1 to 4, wherein the endogenous activity of a 
Rpi-blb2 and/or the further resistance protein is increased, 

20 

6. The method of any one of claim 1 to 5, comprising one or more of the following 
steps 

a) stabilizing the resistance protein; 
25 b) stabilizing the resistance protein encoding mRNA; 

c) increasing the specific activity of the resistance protein; 

d) expressing or increasing the expression of a homologous or artificial tran- 
scription factor for resistance protein expression; 

e) stimulate resistance protein activity through exogenous inducing factors: 
30 f) expressing a transgenic resistance protein encoding gene: and/or 

g) increasing the copy number of the resistance protein encoding gene. 

7. The method of any one of claims 1 to 6 which results in reduction in the spolia- 
tion index of at least 30% after infection with P. infestans compared to a wild 

35 type. 
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8. A polynucleotide encoding a Rpi-blb2 protein comprising a nucleic acid molecule 
selected from the group consisting of: 

. (a) nucleic acid molecule encoding at least the mature form of the polypeptide 
depicted in SEQ ID NO: 2 or 4; 

(b) nucleic acid molecules comprising the coding sequence as depicted in SEQ 
ID NO: 1 or 3 or 5 or 6 encoding at least the mature form of the polypeptide; 

(c) nucleic acid molecule the nucleotide sequence of which is degenerate as a 
result of the genetic code to a nucleotide sequence of (a) or (b); 

(d) nucleic acid molecule encoding a polypeptide derived from the polypeptide 
encoded by a polynucleotide of (a) to (c) by way of substitution, deletion 
and/or addition of one or several amino acids of the amino acid sequence of 
the polypeptide encoded by a polynucleotide of (a) to (c); 

(e) nucleic acid molecule encoding a polypeptide the sequence of which has an 
identity of 70% or more to the amino acid sequence of the polypeptide en- 
coded by a nucleic acid molecule of (a) or (b); 

(f) nucleic acid molecules comprising a fragment or a epitope-bearing portion 
of a polypeptide encoded by a nucleic acid molecule of any one of (a) to (e); 

(g) nucleic acid molecule comprising a polynucleotide having a sequence of a 
nucleic acid molecule amplified from a nucleic acid library using the primers 
as listed in Tab.3b; 

(h) nucleic acid molecule encoding polypeptide fragment beginning with amino 
acid: 1, 30, 50, 100, 200, 300, 500, or 1000 and stopping with amino acid 
1276, 1000, 500, 300, 200, 50, or 30 of a polypeptide encoded by any one 
of (a) to (g); 

(I) nucleic acid molecule comprising at least 20 nucleotides of a polynucleotide 
of any one of (a) or (d); 

0") nucleic acid molecule encoding a polypeptide being recognized by a mono- 
clonal antibodies that have been raised against a polypeptide encoded by a 
nucleic acid molecule of any one of (a) to (h); 

(k) nucleic acid molecule obtainable by screening an appropriate library under 
stringent conditions with a probe having the sequence of the nucleic acid 
molecule of any one of (a) to (j) or of a fragment thereof of at least 20; and 

(!) nucleic acid molecule the complementaiy strand of which hybridises under 
stringent conditions with a nucleic acid molecule of any one of (a) or (k); 

or the complementary strand of any one of (a) to (I); 

or encoding a polypeptide encoded by a segment of chromosome or of linkage; - 

group 6 of Solanum bulbocastanum or Solanum tuberosum which co-segregates ■. 
with a marker selected from table 3a or 3b or comprises a replication site or 
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hybridisation site for said marker and which mediates resistance to pathogens of 
the phylum Oomyceta; 

and whereby the polynucleotide has not the sequence of MI1.1 or Mil .2 as 
depicted in Seq. (D NO.: 7 or 9. 

5 

9. The polynucleotide of claim 8 or the method of any one of claims 1 to 7, wherein 
the marker is E40M58, CT1 19, or CT216. 

10. The polynucleotide of claim 8 to 9 which is DNA or RNA. 

10 

11. A method for making a recombinant vector comprising inserting the polynucleo- 
tide of any one of claims 8 to 10 into a vector or inserting said polynucleotide and 
a further resistance protein. 



15 12. 



A vector containing the polynucleotide of any one of claims 8 to 10 or comprising 
said polynucleotide and a further resistance gene or being produced by the 
method of claim 11. 



1 3. The vector of claim 12 or the method of any one of claims 1 to 7 in which a 
20 polynucleotide encoding Rpl-blb2 protein or encoding the further resistance pro- 

tein is operatively linked to expression control sequences and/or is operatively 
linked to a nucleic acid sequence encoding a transgenic expression regulating 
signal allowing expression in prokaryotic or eukaryotic host cells. 

The vector of claim 12 or 13 or the method of any one of claims i to 7 in which 
the polynucleotide encoding Rpi-blb2 protein or encoding a further resistance 
protein is operatively linked to expression control sequences of the same species 
origin as the polynucleotide encoding Rpi-blb2 protein or the further resistance 
protein. 



25 14. 



30 



15. A method of making a recombinant host cell comprising introducing the vector of 
any one of claims 12 to 14 or introducing said vector and a vector for expressing 
a further resistance protein into a host cell. 



35 16. 



A host cell produced according to the method of claim 15 or genetically engi- 
neered with the polynucleotide of any one of claims 8 to 10 or the vector of any 
one of claims 12 to 14 or genetically engineered with said vector or polynucleo- 
tlde and a vector or a polynucleotide .for expressing a further resistance-protein. 
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1 7. The host cell of claim 1 6, which is E. coli, Baculovirus, Agrobacterium, or a plant 
cell. 

18. A process for the production of a Rpi-blb2-polypeptide comprising culturing the 
5 host cell of claim 1 6 or 1 7 and recovering the polypeptide encoded by said 

polynucleotide and expressed by the host cell from the culture or the host cells. 

1 9. A polypeptide having the amino acid sequence encoded by a polynucleotide of 
. . . any one of claims 8 to 1 0 or obtainable by the process of claim 18. - 



10 

20, A polypeptide having Rpi-blb2 activity. 

21 . An antibody that binds specifically to the polypeptide of claim 1 9 or 20. 

15 22. An antisense nucleic acid molecule comprising the complementary sequence of 
the polynucleotide of any one of claims 8 to 1 0. 

23. A method for the production of a transgenic plant, plant cell or plant tissue or a 
part thereof comprising the introduction of the polynucleotide of any one of 

20 claims 8 to 1 0 or said polynucleotide and a polynucleotide encoding a further re- 

sistance protein, or the vector of any one of claims 12 to 14 into the genome of 
said plant, plant tissue or plant ceil or a part thereof. 

24. A plant cell comprising the polynucleotide of any one of claims 8 to 1 0, the vector 
25 of any one of claims 12 to 14 or obtainable by the method of claim 23. 

25. A transgenic plant or plant tissue or a part thereof comprising the plant cell of 
claim 24. 

30 28. A method for producing a plant or a part thereof resistant to a plant pathogen of 
the phylum Oomyceta comprising the step: 

expressing in the plant or a part thereof the polypeptide of claim 1 9 or 20 and a 
further resistance protein. 



35 27. 



A method for producing a plant or a part thereof with a durable resistance to a 
Phytophthora sp. comprising co-expressing in the plant or a part thereof Rpi-blb 
and Rpi-blb2 protein or the polypeptide of claim 19 or 20. 
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28. The transgenic plant or plant tissue of claim 25 or produced according to claim 
26 or 27, which upon the presence of the polynucleotide or the vector is resistant 
to a plant pathogen of the phylum Oomyceta. 

5 29. Harvestable parts of the transgenic plant or plant tissue of claim 25 comprising 
the plant cell of claim 24. 

30. Propagation material of the transgenic plant or plant tissue of claim 25 compris- 
ing the plant cell of claim 24. 

10 

31 . Use of the polynucleotide of any one of claims 8 to 1 0. the vector of any one of 
claims 12 to 14, or the polypeptide of claim 1 9 or 20 for producing a plant or a 
plant tissue, plant organ, or a plant cell or a part thereof resistant to a plant 
pathogen of the phylum Oomyceta. 

15 

32. A method for the identification of an compound stimulating resistance to a plant 
pathogen of the phylum Oomyceta comprising: 

(a) contacting cells which express the polypeptide of claim 1 9 or 20 or its 
20 mRNA with a candidate compound under cell cultivation conditions; 

(b) assaying an increase in expression of said polypeptide or said mRNA;. 

(c) comparing the expression level to a standard response made in the ab- 
sence of said candidate compound; whereby, an increased expression 
over the standard indicates that the compound is stimulating resistance. 

25 

33. Use of the polynucleotide of any one of claims 8 to 10, the vector of any one of 
claims 1 2 to 1 4, the polypeptide of claim 1 9 or 20 or the antibody of claim 21 . for 
identifying and/or producing compounds activating or stimulating plant resistance 
to a plant pathogen of the phylum Oomyceta. 

30 

34. A diagnostic composition, comprising the polynucleotide of any one of claims B 
to 10. the vector of any one of claims 12 to 14, the antibody of claim 21 or the 
antisense nucleic acid of claim 22 and optionally suitable means for detection. 

35 35. A kit comprising the polynucleotide of any one of claims 8 or 12, the vector of any 
one of claims 12 to 14, the host cell of claim 16orl7 r the polypeptide of claim 19 
or 20, the antisense nucleic acid of claim 22, the antibody of claim 21 , the plant 
r cell of claim 24, the plant or plant tissue of claim 25. the harvestable part of claim 
29, or the propagation material of. claim 30 and optionally a polynucleotide en- 

40 coding Rpi-blb, Rpi-blb protein or an antibody against Rpi-blb. 



ll-flUG-2003 19:35 

Agrico B.V. 



BASF RG &M C100 



20030596 



+49 621 6021183 
PF 54801 



S. 104*"221 



104 



36. A method for the production of a plant crop protectant providing the polynucleo- 
tide of any one of claims 8 to 1 0, the vector of any one of claims 1 2 to 14 or the 
polypeptide of claim 1 9 or 20 or comprising the steps of the method of claim 32; 
and formulating the polynucleotide of any one of claims 8 to 10. the vector of of 
claims 12 or 14 or the polypeptide of claim 19 or 20 or the compound identified 
in step (c) of claim 32 in a form applicable as agricultural composition. 

37. The vector, host cell, plant cell, plant tissue, plant, use, kit or method of any one 
of claims 1 to 36, wherein the plant pathogen Is of the order Pythiales or Pero- 
nosperaies. 

38. The vector, host cell, plant cell, plant tissue, plant, use, kit or method of any 
one of claims 1 to 37, wherein the plant pathogen is of the species P. infestans, 
Phytophthora erythroseptica, Phytophthora capsici, Phytophthora sojae, Phyto- 
phthora parasitica var. nicotianae, Bremra lactuca, Peronospera tabaci or Pias- 
mopara viticola. 

39. The vector, host cell, plant cell, plant tissue, plant, use. kit or method of any one 
of claims 1 to 38, wherein the resistance protein is characterized by a P-loop and 
a NBS domain. 

40. The vector, host cell, plant cell, plant tissue, plant, use, kit or method of any one 
of claims 1 to 39, wherein the further resistance gene is a gene encoding Rpi-blb, 
R1, R-ber, Rpi1, R2, R3, R4, R5, R6, R7, R8, R9, R10, R11, Ph-1, Ph-2 and/or 
Ph-3. 

41 . The vector, host cell, plant cell, plant tissue, plant, use, kit or method of any one 
of claims 1 to 40, wherein the further resistance protein is the Rpi-blb protein. 



42. The vector, host cell, plant cell, plant tissue, plant, use, kit or method of any 
one of claims 1 to 41 wherein the plant, plant call or plant tissue is selected 
from the group consisting of Menyanthaceae, Solanaceae, Sclerophylacaceae, 
Duckeodendraceae, Goetzeaceae, Convolvulaceae, Cuscutaceae, Polernonia- 
ceae, and Hydrophyllaceae according to the Systema Naturae 2000, Brands, 
S.J., Amsterdam or has its origin thereof. 



30 



40 



43.- 



The vector; host cellj-plant cell, plant tissue, plant use, kit or method of any " ' - • 
one of claims 1 to 42. wherein the polynucleotide, the polypeptide, the plant cell, 
the host cell, the plant tissue or the plant is derived from the Solanceae family. 
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preferably S. bulbbcastanum, potato (S. tuberosum), tomato (S. lycopersicum 
or Lycopersicon lycopersicum (L) Karsten ex Farwell), petunia, tree tomato 
(S. betaceum), pear melon (S. muricatum) or eggplant (S. melongena). 
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Resistant plants and uses thereof 

The present invention relates to a novel method for Increasing the resitance of a plant, 
in particular of a Solanaceae, preferably of potato and tomato, to plant pathogens of 
5 the phylum Oomyceta comprising increasing the activity of the polypeptid of the pre- 
sent invention. The invention further relates to polynucleotides and vectors comprising 
these polynucleotdes. The invention furthermore relates to corresponding vectors, 
cells, transgenic plants and transgenic propagation material derived from them, metlv 
- . odsto produce them ^nd to their use for the production of foodstuffs, feeding stuffs, 
10 seed, pharmaceuticals or fine chemicals. 
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Figure 13A 

ATGGAAAAACGAAAAGATAATGAAGAAGCAAACAACTCATTGGAGTCATT 50 
TTCTGCTCTTCGCAAGGATGCTGCCAATGTTCTGGATTTCCTAGAGAGAT 100 
T AAAGAATGAAGAAGATCAAAAGGCTGTTGATGTGGATCTGATTGAAAGC 150 
CTGAAATTGAAGCTGACATTTATTTGTACATATGTCCAGCTTTCTO 200 
CGATTTGGAGAAGTTTGAAGATATAATGACTAGAAAAAGACAAGAGGTTG 250 
AGAATCTGCTTCAACCAATTTTGGATGATGATGGGAAAGACGTCGGGTGT 300 
AAATATGTCCTTACTAGCCTCGCCGGTAATATGGATGACTGTATAAGCTT 350 
GTATCATCGTTCTAAATCAGATGCCACCATGATGGATGAGCAATTGGGCT 400 
TCCTCCTCTTGAATCTCTCTCATCTATCC AAGCATCGTGCTGAAAAGATG 450 
TTTCCTGGAGTGACTCAATATGAGGTTCTTCAGAATGTATGTGGC AACAT 500 
AAGAGATTTCCATGGATTGATAGTGAATTGTTGCATTAAGCATGAGATGG 550 • 
TTGAGAATGTCTTATCTCTGTTTCAACTGATGGCTGAGAGAGTAGGACGC 600 
TTCCTTTGGGAGGATCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAGA 650 
TGAGGATGATC AGAATGATAAAGACCCTC AAGTGTTCAAGCTAGCACATC 700 
TACTCTTGAAGATTGTTCCAACTGAATTGGAGGTTATGCAC ATATGTTAT 750 
AAAACTTTGAAAGCTTCAACTTC AACAGAAATTGGACGCTTC ATTAAGAA 800 
GCTCCTGGAAACCTCTCCGGACATTCTCAGAGAATATCTGATTC ATCTAC 850 
AAGAGCATATGATAACTGTTATTACCCCTAACACTTCAGGGGCTCGAAAC 900 
ATTC ATGTCATGATGGAATTCCTATTGATTATTCTTTCTGATATGCCGCC 950 
C^GGACTTTATTCATCATGACAAACTTTTTGATCTCTTGGCTC 100 
TAGCACTTACCAGGGAGGTATCAACTCTTGTACGCGACTTGGAAGAGAAA 1050 
TTAAGGATTAAAGAGAGTACTGACGAAACA^TTGTGCAACCCTAAAGTT 1100 
TCTGGAAAATATTGAACTCCTTAAGGAAGATCTCAAACATGTTTATCTGA 1150 
AAGTCCCGGATTCATCTCAATATTGCTTCCCCATGAGTGATGGACCTCTC 1200 
TTCATGCATCTGGTACAGAGACACTTAGATGATTTGCTGGATTCCAATGC 1250 
TTATTCAATTGCTTTGAT/^AAGGAACAAATTGGGCTGGTGAAAGAAGACT 1300. 
TGGAATTC ATAAGATCTTTTTTCGCGAATATTGAGCAAGGATTGTATAAA 1350 
GATCTCTGGGAACGTGTTCTAGATGTGGCATATGAGGGAAAAGATGTCAT 1400 
AGATTCAATTATTGTTCGAGATAATGGTCTCTTACATCTTATTTTCTCAC 1450 
TTCCCATTACCAGAAAGAAGATGATGCTTATCAAAGAAGAGGTCTCTGAT 1500 
TTACATGAGAACATTTCCAAGAACAGAGGTCTCATCGTTGTGAACTCTCa. 15.50. ~. 
CAAGAAACCAGTTGAGAGCAAGTCATTGACAACTGATAAAATAATTGTAG -1600 
GTTTTGGTGAGGAGACAAACTTGATACTTAGAAAGCTCACCAGTGGACCG 1650 
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GCAGATCTAGATGTCATTTCGATCATTGGTATGC^ 1700 
TACTTTGGCGTACAAAGTATACAATGATAAATCAGTTTCTAGCCATTTCG 1750' 
ACCTTCGTGCATGGTGC ACGGTCGACCAAGTATATGACGAG AAGAAGTTG 1800 
TTGGATAAAATTTTCAATCAAGTTAGTGACTCAAATTCAAAATTC 1850 
GAATATTGATGTTGCTGATAAACTACGGAAACAATTGTTTGGAAAGAGGT 1900 
ATCTTATTGTCTTAGATGACGTGTGGGATACTAATACATGGGATGAGCTA 19 S 0 
ACAAGACCTTTTCCTGATGGTATGAAAGGAAGTAGAATTATTTTGACAAC 2000* 
TCGAGAAAAGAAAGTTGCTTTGCATGGAAAGCTCTACACTGATCCTCTTA 2050 
ACCTTCGATTGCTAAGATCAGAAGAAAGTTGGGAGTTATTAGAGAAAAGG 2100 
GC ATTTGGAAACGAGAGTTGCCCTGATGAACTATTGGATGTTGGTAAAG A 2150 
AATAGCCGAAAATTGTAAAGGGCTTCCTTTGGTGGTGGATCTGATTGCTG 2200 
GAATC ATTGCTGGGAGGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTA 2250 
AATAATTTGCATTCCTTTATTTTGAAGAATGAAGTGGAAGTGATGAAAGT 23 00 
TATAGAAATAAGTTATGACCACTTACCTGATCACCTGAAGCCATGCTTGC 2350 
TGTACTTTGCAAGTGCGCCGAAGGACTGGGTAACGACAATCCATGAGTTG 2400 
AAACTTATTTGGGGTTTTGAAGGATTTGTGGAAAAGACAGATATGAAGAG 2450 
TCTGGAAGAAGTGGTGAAAATTTATTTGGATGATTTAATTTCCAGTAGCT 2500 
TGGTAATTTGTTTCAATGAGATAGGTGATTACCCTACTTGCCA^CTTCAT 2550 
GATCTTGTGCATGACTTTTGTTTGATAAAAGCAAGAAAGGAAAAGTTGTG 2 S 0 0 
TGATCGGATAAGTTCAAGTGCTCCATCAGATTTGTTGCCACGTCAAATTA 2650 
GCATTGATTATGATGATGATGAAGAGCACTTTGGGCTTAATTTTGTCCTG 2700 
TTCGGTTCAAATAAGAAAAGGC ATTCCGGTAAAC ACCTCTATTCTTTGAC 2750 
CATAAATGGAGATGAGCTGGACGACCATCTTTCTGATACATTTCATCTAA 2800 
GACACTTGAGGCTTCTTAGAACCTTGCACCTGGAATCCTCTTTTATCATG 2850 
GTTAAAGATTCTTTGCTGAATGAAATATGCATGTTGAATCATTTGAGGTA 2900 
CTTAAGCATTGGGACAGAAGTTAAATCTGTGCCTTTGTCTTTCTCAAACC 2950 
TCTGGAATCTAGAAATCTTGTTTGTGGATAACAAAGAATCAACCTTGATA 3000 
CTATTACCGAGAATTTGGGATCTTGTAAAGTTGCAAGTGCTGTTCACGAC 3050 
TGCTTGTTCTTTCTTTG ATATGGATGC AGATGAATC AAT ACTGATAGC AG 3100 
AGGACACAAAGTTAGAGAACTTGACAGCATTAGGGGAACTCGTGCTTTCC 3150 
TATTGGAAAGATACAGAGGATATTTTCAAAAGGCTTCCCAATCTTCAAGT 3200 

GCTTCATTTCAAACTCAAGGAGTCATGGGATTATTCAACAGAGCAATATT 3250 
GGTTCCCGAAATTGGATTTCCT^ 3 3 0 0 

TTTSAAAQ&TCAAA(^CAAATGACAG 

GCGATGGGATTTTCACTTTCCTTCGAGTTTGAAAAGATTGCAATTGCATG 3400 
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AATTTCCTCTGACATCCGATTCACTATCAACAATAGCGAGACTGCTGAAC 345 0 
CTTGAAGAGTTGTACCTTTATCGTACAATCATCCATGGGGAAGAATGGAA 3500 
CATGGGAGAAGAAGACACCTTTGAGAATCTCAAATGTTTGATGTTGAGTC 3550 
AAGTGATTCTTTCCAAGTGGGAGGTTGGAGAGGAATCTTTTCCCACGCTT 3600 
GAGAAATTAGAACTGTCGGACTGTCATAATGTTGAGGAGATTCCGTCTAG 3650 
TCTTC^c^TAT "3 70 0 

AACTTGAAAATTCCGCTCTCAAGAOTAAGGAATATGCTGAAGATATGAGG 3750 
GGAGGGGACGAGCTTCAGATCCTTGGCCAGAAGGATATCCCGTTATTTAA 3 SO 0 
GTAG 3804 
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Figure 13B 

ATGGAAftAACGAAAAGATAATGAAGAA^ 50 
TTTGATAGAGTGA^CTGTAA^GTATTGA^TTGTAGATATCATGTGGCTTT 100 
AAAAATTTGATATGTGTTATTTTGGCAGG&GTC&TTTTCTGCTCTTCGCA 150 
AGGATGCTGCCAATGTTCTGGATTTCC^^^ 2001* 
GATCAAAAGGCTGTTGATGTGGATCTGATTGAAAGCCTGAAATTGAAGCT 2501 
GACATTTATTTGTACATATGTCCAGCTTTCTTATTCCGATTTGG2\GAAGT 3001 
TTGAAGATATAATGACTAGAAAAAGACAAGAGGTTGAGAATCTGCTTCAA 3501 
CCAATTTTGGATGATGATGGCAAAGACGTCGGGTGTAAATATGTCCTTAC 4001 
TAGCCTCGCCGGTAATATGG ATGACTGTATAAGCTTGTATCATCGTTCTA 4501 
AATCAGATGCCACCATGATGGATGAGCAATTGGGCTTCCTCCTCTTGAAT 5001 
CTCTCTCATCTATCCAAGCATCGTGCTGAAAAGATGTTTCCTGGAGTGAC 5501 
TCyATATGAGGTTCTTCAGAATGTATGTGGCAACATAAGAGATTTCCATG 6001 
GATTGATAGTGAATTGTTGCATTAAGCATGAGATGGTTGAGAATGTCTT A 6501 
TCTCTGTTTCAACTGATGGCTGAGAGAGTAGGACGCTTCCTTTGGGAGGA 7001 • 
TCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAGATGAGGATGATCAGA 7501 
ATGATAAAGACCCTCAACTCTTCAAGCTAGCACATCTACTCTTGAAGATT 8001 
GTTCCAACTGAATTGGAGGTTATGCAC^ 8501 
TTCAACTTCAACAGAAATTGGACGCTTCA 9010 
CTCCGGAC ATTCTCAGAGAATATCTGATTCATCTACAAGAGC ATATGATA 9510 
ACTGTTATTACCCCTAACACTTCAGGGGCTCGAAAC ATTC ATGTCATGAT 1 0 D 0 
GGAATTCCTATTGATTATCCT^ 1050 • - . 

ATCATGACAAACTTTTTGATCTCTTGGCTCGTGTTGTAGCACTTACCAGG 1100 
GAGGTATCAACTCTTGTACGCGACTTGGAAGAGAAATTAAGGATTAAAGA 115 0 
GAGTACTGACGAAACAAATTGTGCAACCCTAAAGTTTCTGGAAAATATTG 12 0 0 
AACTCCTTAAGGAAGATCTCAAACATGTTTATCTGAAAGTCCCGGATTCA 1250 
TCTCAATATTGCTTCCCCATGAGTGATGGACCTCTCTTCATGCATCTGCT 13 00 
ACAGAGACACTTAGATGATTTGCTGGATTCCAATGCTTATTCAATTGCTT 1350 
TGATAAAGGAACAAATTGGGCTGGTGAAAGAAGACTTGGLftATTCATAAGA 1400 
TCTTTTTTCGCGAATATTGAGCAAGGATTGTATAAAGATCTCTGGGAACG 1450 
TGTTCTAGATGTGGC ATATGAGGCAAAAGATGTC ATAGATTCAATT ATTG 1500 
TTCGAGATAATGGTCTCTTACATCTTAl^TCTCACTTCCCATTACCAGA ; 15 50V : ' "V- 
AAGAAGATGATGCTTATCAAAGAAGAGGTCTCTGATTTACATGAGAACAT 1600- • . . 
TTCC AAGAACAGAGGTCTCATCGTTGTGAACTCTCCCAAGAAACCAGTTG 1650 



— r .-?n* n non 
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AGAGCAAGTCATTGACAACTGATAAAATAATTGTAGGTT 1700 
ACAAACTTGATACTTAGAAAGCTCACCAGTGGACCGGCAGATCTAGATGT 17 5 0 
CATTTCGATC ATTGGO?ATGCCGGGTTTAGGTAAAACTACa?TTGGCGTACA 1800 
AAGTATACAATGATAAATCAGTTTCTAGCCATTTCGACCTTCGTGCATGG 1850 . 
TGCACGGTCGACCAAGTATATGACGAGAAGAAGTTGTTGGATAAAATTTT 1900 
C AATC AAGTTAGTGACTCAAATTCAAAATTCAGTGAGAATATTGATGTTG 1950. 
CTGATAAACTACGGAAACAATTGTTTGGAAAGAGGTATCTTATTGTCTTA 2000 
GATGACGTGTGGGATACTAATACATGGGATGAGCTAACAAGACCTTTTCC 2050 
TGATGGTATGAAAGGAAGTAGAATTATTTTGACAACTCGAGAAAAGAAAG 2100 
TTGCTTTGCATGGAAAGCTCTACACTGATCCTCTTAACCTTCGATTGCTA 2150 
AGATCAGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGCATTTGGAAACGA 2200 
GAGTTGCCCTGATGAACTATTGGATGTTGGTAAAGAAATAGCCGAAAATT 2250 
GTAAAGGGCTTCGTTTGGTGGTGGATCTGATTGCTGGAATCATTGCTGGG 2300 
AGGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTAAATAATTTGCATTC 2350 
CTTTATTTTGAAGAATGAAGTGGAAGTGATGAAAGTTATAGAAATAAGTT 2400 
ATGACC ACTTACCTGATCACCTGAAGCCATGCTTGCTGTACTTTGGAAGT 2450 
GCGCCGAAGGACTGGGTAACGACAATCCATGAGTTGAAACTTATTTGGGG 2500 
TTTTGAAGGATTTGTGGAAAAGACAGATATGAAGAGTCTGGAAGAAGTGG 2550 
TGAAAATTTATTTGGATGATTTAATTTCCAGTAGCTTGGTAATTTGTTTC 2600 
AATGAGATAGGTGATTACCCTACTTGCCAACTTCATGATCTTGTGCATGA 2650 
CTTTTGTTTGATAAAAGC AAGAAAGGAAAAGTTGTGTGATCGG ATAAGTT 2700 
CAAGTGCTCCATCAGATTTGTTGCCACGTCAAATTAGCATTGATTATGAT 2750 
GATGATGAAGAGCACTTTGGGCTTAATTTTGTCCTGTTCGGTTCAAATAA 2800 
GAAAAGGCATTCCGGTAAACACCTCTATTCTTTGACCATAAATGGAGATG 2850 
AGCTGGACGACC ATCTTTC TGATAC ATTTCATCTAAGAC ACTTGAGGCTT 2900 
CTTAGAACCTTGCACCTGGAATCCTCTTTTATCATGGTTAAAGATTCTTT 2950 
GCTGAATGAAATATGCATGTTGAATCATTTGAGGTACTTAAGCATTGGGA 3000 
CAGAAGTTAAATCTCTGCCTTTGTCTTTCTCAAACCTCTGGAATCTAGAA 3050 
ATCTTGTTTGTGGATAACAAAGAATCAACCTTGATACTATTACCGAGAAT 3100 
TTGGGATCTTGTAAAGTTGCAAGTGCTGTTCACGACTGCTTGTTCTTTCT 3150 
TTGATATGGATGCAGATGAATCAATACTGATAGCAGAGGACACAAAGTTA 3200 
GAGAACTTGACAGCATTAGGGGiW\CTCGTGCTTTCCTATTGGAAAGATAC 3250 
AGAGGATATTTTCAA^GGCTTCCC AATCTTCAAGTGCTTCATTTCAAAC 3300 
TC^GGAgTCAT^ 

GATTTCCTAACTGAACTAGAAAAACTCACTGTAGATTTTGAAAGATCAAA 340*0 
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CACAAATGACAGTGGGTCCTCTGCAGCCATAAATCGGCCATGGGATTTTC 3450 
ACTTTCCTTCGAGTTTGAAAAGATTGCAATTGCATGAATTTCCTCTGACA 3500 
TCCGATTCACTATCAACAATAGCGAGACTGCTGAACCTTGAAGAGTTGTA 3550 
CCTTTATCGTACAATCATCCATGGGGAAGAATGGAACATGGGAGAAGAAG 3600 
ACACCTTTGAGAATCTCAAATGTTTGATGTTGAGTCAAGTGATTCTTTCC 3 650 
AAGTGGGAGGTTGGAGAGGAATCTTTTCCCACGCTTGAGAAATTAGAACT 3700 
GTCGGACTGTCATAATCTTGAGGAGATTCCGTCTAGTTTTGGGGATATTT 3750 
ATTCCTTGAAAATTATCGAACTTGTAAGGAGCCCTCAACTTGAAAATTCC 3800 
GCTCTCAAGATTAAGGAATATGCTGAAGATATGAGGGGAGGGGACGAGCT 3850 
TCAGATCCTTGGCCAGAAGGATATCCCGTTATTTAAGTAG 3890 
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20030596 
7 



PF 54801 



GATCTAGAATCACCGAACCTCCCCTCGGTACAGCTCCTCCAGTTCTACCA 5 0 
TGAATTTCATCCACTGATTCCTCTTCAATCGCCATTGCAGATTCTCTCGA 100 
TCTATGCTCAAAAAATCCCGAGAT2V2\AACCCTAGATCTGCTTCAAATGCT 150 
" CT^TACCATGTAATTTC 200 - 

ACTATTTTAGAAAGACTGATTGAAGGAGAAGAAGAGAGAAAAATTCTATA 2 S 0 
TTGAACTC^TGAACCAAAATGAATGAAAAAAATAATGAGAAGAACTATAC 300 
TATTACAATCTATATATCTCTATTTATATTCTAATCTGAAGCAGTTAATT 350 
TAACTGACTCTAACAACTAGACTGATAGGTGTAC ATTTTCTGTTAGTGCA 400 
CTGCAGTGCATTTAACTAACTGCTTAACATAAAGAATGTTGTTCGAACTT 450 
C ATTCGAATAGCTTCAATGAGAAGCAAAC ATGTGTACCTGTAAAGAC AC A 500 
CAGTAAAAGTGTTAATAATGAATAAATATGAATAAAT 550 
AAAAATAAAAACACATCCAATTAACATTGGAGGTCTTGAAAATCGATGGT 600 
AATTAACAAAGACCCTTGTGAAATTTAAGTCTGTAATTGAAAATTTGAGT 650 
ATAGGTTAGGGGACATTTGACTATTTTCTCATTTTCTTTATCTTTTTCCT 700 
AATTTGTGGCAGACAAGTGAGGAGGCCCCACTGTAATTGATTCATGCTTT 750 
TGCTTTCTTGACTTTTTGGAACAATACTATGCATCATATTTGGTCTTAAT 800 
TATTCCTCTGTTTATTTCCAGAATTTTGAGCTCTATAC ATCTAATAAC AA 850 
AGCAAGCAGAGGATATATAGTTTCATCAACTAAZ^AAGGTTAGTGAACTCA 900 
TCTAATATTTGCTACTCTCATCTCTATTGAAGTACAGTTATGGAAAAGTA 950 
GAAGTGATGTAAGAAAAATGAAAGAACTTTAGTAGGTTAGTTGGATCTAA 1000 
CAAAGAGAAAGGGAAAT2^AATTGCAGGAGAAAGAGAGAGGTTAAATACTT 1050 
ACTCAC ACCACCGATTTACAACAAATCACTTAATTGTGGTTAGTTAATGT 1100 
ATACTTTCACCTCATTAAATTATTACTTACCCATGATAAGTTGTATTAAT 1150 
TTGGTATTAATATCCGGTGCGGGTGAATTCTTACCGGGTGAGAGGGATGG 1200 
GGTTGGAGAGTGTGGAGTGAACAGAAGCAGATGTTTTAGATTTTTTCTAA 1250 
GATGACGAAAGATTCCCCTCACTAATGAAAATATATTACTATACGCTATT 1300 
AGAGATAGAAAGGTTCGGTACCAGTTGGTCTCGTTTCTGGATGAACCCCA 13 5 0 
TTTTTACAAGTCATTTTCTTCAATTCAAATCGCAAGTGTACCTTTATCAT 1400 
CTTCCACTAATTAAGTCCTCTTAAGTTCGCGTGAAAATAGTGAAATTATT 1450 
GATTATTCTTATCATTTCATCTTCTTTCTCCTGATAAAGTTTTATGTACT 1500 
TTTTATGCATCAGGTCTTGAGAACTTGGAAAGGAAAAGTAGAATO^SSGA 155-0'- 
AAAACGAAAAGATAATGAAGAA^AAACAACTGAT .1600- 
TAGAGTGAACTGTAAAGTATTGAATTGTAGATATC ATGTGGCTTTAAAAA 1650 
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OTTGATATGTGTTATTTTGGCAGGAGTCATTTTCTGCTCTTCGCAAGGAT 17 0 0 1 
GCTGCCAATGTTCTGGATTTCCTAGAGAGATTAAAGAATGAAGAAGATCA 17 5 0 
AAAGGCTGTTGATGTGGATCTGATTGAAAGCCTGAAATTGAAGCTGACAT 1800 
TTATTTGTACATATGTCCAGCTTTCTTATTCCGATTTGGAGAAGTTTGAA 1850 
GATATAATGACTAGAAAAAGACAAGAGGTTGAGAATCTGCTTCAACCAAT 1900 
TTTGGATGATGATGGC AAAGACGTCGGGTGTAAATATGTCCTTACTAGCC 19 5 Q 
TCGCCGGTAATATGGATGACTGTATAAGCTTGTATCATCGTTCTAAATCA 2000 
GATGCCACCATGATGGATGAGCAATTGGGCTTCCTCCTCTTGAATCTCTC 2050 
TC^TCTATCCAAGCATOSTGCTGAAAAGATGTTTCCTGGAGTGACTCAAT 2100 
ATGAGGTTCTTCAGAATGTATGTGGCAACATAAGAGATTTCC ATGGATTG 2150 
ATAGTGAATTGTTGCATTAAGCATGAGATGGTTGAGAATGTCTTATCTCT 2200 
GTTTCAACTGATGGCTGAGAGAGTAGGACGCTTCCTTTGGGAGGATCAGG 2250 
CTGATGAAGACTCTCAACTCTCCGAGCTAGATGAGGATGATCAGAATGAT 2300 
AAAGACCCTCAACTCTTCAAGCTAGCACATCTACTCTTGAAGATTGTTCC 2350 
AACTGAATTGGAGGTTATGCACATATGTTATAAAACTTTGAAAGC'rTCAA 2400 
CTTCAACAGAAATTGGACGCTTCATTAAGAAGCTCCTGGAAACCTCTCCG 2450 
GACATTCTCAGAGAATATCTGATTCATCTACAAGAGCATATGATAACTGT 2500 
TATTACCCCTAACACTTCAGGGGCTCGAAACATTCATGTCATGATGGAAT 2550 
TCCTATTGATTATTCTTTCTGATATGCCGCCCAAGGACTTTATTCATCAT 2600 
GAGAAACTTTTTGATCTCTTGGCTCGTGTTGTAGCACTTACCAGGGAGGT 2650 
ATCAACTCTTGTACGCGACTTGGAAGAGAAATTAAGGATTAAAGAGAGTA 2700 
CTGACGAAACAAATTGTGCAACCCTAAAGTTTCTGGAAAATATTGAACTC 2750 
CTTAAGGAAGATCTCAAACATGTTTATCTGAAAGTCCCGGATTCATCTCA 2800 
ATATTGCTTCCCCATGAGTGATGGACCTCTCTTCATGCATCTGCTACAGA 2850 
GACACTTAGATGATTTGCTGGATTCCAATGCTTATTCAATTGCTTTGATA 2900 
AAGGAACAAATTGGGCTGGTGAAAGAAGACTTGGAATTCATAAGATCTTT 2950 
TTTCGCGAATATTGAGCAAGGATTGTATAAAGATCTCTGGGAACGTGTTC 3000 
TAGATGTGGCATATGAGGCAAAAGATGTCATAGATTCAATTATTGTTCGA 3050 
GATAATGGTCTCTTACATCTTATTTTCTCACTTCCCATTACCAGAAAGAA 3100 
GATGATGCTTATCAAAGAAGAGGTCTCTGATTTACATGAGAACATTTCCA 3150 
AGAACAGAGGTCTCATCGTTGTGAACTCTCCCAAGAAACCAGTTGAGAGC 3200 
AAGTCATTGACAACTGATAAAATAATTGTAGGTTTTGGTGAGGAGACAAA 3250 
-- - - . .. CraGATACTTAGAAAGCTCAQGAGTGGAGCGGGAGATCTAGATGTGATTT^3300 .< 
CGATC^TTGGTATGCCGGGTTTAGGTAAAACTACTTTGGCGTACAAAGTA • 33TdivU. 
TACAATGATAAATCAGTTTCTAGCCATTTCGACCTTCGTGCATGGTGCAC 3400 
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GOTCGACCAAGTATATGACGAGAAGAAGTTGTTGGATAAAATTTTCAATC 3450 
AAGTTAGTGACTCAAAOTCAA^OT^ 3500 
AAACTACGGAAACAATTGTTTGGAAAGA^ 3550 
CGTGTCGGATACTAATAC ATGGGATGAGCTAACAAGACCTTTTCCTGATG 3 600 
GTATGAAAGGAAGTAGAATTATTTTGACAACTCGAGAAAAGAAAGTTGCT 3 650 
MGCATGGAAAGCTCTAGACTGATCGTC 3700 
AGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGC ATTTGG AAACGAGAGTT 3750 
GCCCTGATGAACTATTGGATGTTGGTAAAGAAATAGCCGAAAATTGTAAA 3800 
GGGCTTCCTTTGGTGGTGGATCTGATTGCTGGAATCATTGCTGGGAGGGA 3850 
AZ^GAAAAAGAGTGTGTGGCTTGAAGTTGT^ 3900 
TTTTGAAGAATGAAGTGGAAGTGATGAAAGTTATAGAAATAAGTTAT 3950 
CACTTACCTGATCACCTGAAGCCATGCTTCCTGTACTTTGCAAGTGCGCC 4000 
GAAGGACTGGGTAACGACAATCCATGAGTTGAAAGTTATTTGGGGTTTTG 4050 
AAGGATTTGTGGAAAAGACAGATATGAAGAGTCTGGAAGAAGTGGTGAAA 4100 
ATTTATTTGGATGATTTAATTTCCAGTAGCTTGGTAATTTGTTTCAATGA 415 0 
GATAGGTGATTACCCT ACTTGCCAACTTCATGATCTTGTGC ATGACTTTT 4200 
GTTTGATAAAAGCAAGAAAGGAAAAGTTGTGTGATCGGATAAGTTCAAGT 4250 
GCTCCATCAGATTTGTTGCCACGTCAAATTAGCATTGATTATGATGATGA 4300 
TGAAGAGCACTTTGGGCTTAATTTTGTCCTGTTCGGTTCAAATAAGAAAA 4350 
GGCATTCCGGTAAACACCTCTATTCTTTGACCATAAATGGAG ATGAGCTG 4400 
GACGACCATCTTTCTGATACATTTCATCTAAGACACTTGAGGCTTCTTAG 445 0 
AACCTTGCACCTGGAATGCTCTTTTATCATGGTTAAAGATTCTTTGCTGA 4500 
ATGAAATATGCATGTTGAATCATTTGAGGTACTTAAGCATTGGGACAGAA 4550 
GTTAAATCTCTGCCTTTGTCTTTCTCAAACCTCTGGAATCTAGAAATCTT 4600 
GTTTGTGGATAACAAAGAATCAACCTTGA 4650 
ATCTTGTAAAGTTGCAAGTGCTGTTCACGACTGCTTGTTCTTTCTTTGAT 4700 
ATGGATGCAGATGAATCAATACTGATAGCAGAGGACACAAAGTTAGAGAA 4750 
CTTGACAGCATTAGGioGAACTCGTGCTTTCCTATTGGAAAGATACAGAGG 4800 . 
ATATTTTCAA?^AGGCTTCCCAATCTTCAAGTGCTTC ATTTC AAACTC AAG 4850 
GAGTCATGGGATTATTC^CAGAGCAATATTGGTTCCCGAAATTGGATTT 49 00 
CCTAACTGAACTAGAAAAACTCACTGTAGATTTTGAAAGATCAAACACAA 4950 
ATGACAGTGGGTCCTCTGC AGCCATAAATCGGCCATGGGATTTTCACTTT 5000 

•TTCACTATCAACAATAGCGAGA^^^^ 5100 
ATCGTACAATCATCCATGGGGAAGAATGGAACATGGGAGAAGAAGACACC 5150 
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TTTGAGi^TCTCAAATGTTTOATGTTGAGTCAAGTGATTCTTTCCAAGTG 5200 
GGAGGTTGGAGAQGAATCTTTTCCCACGCTTGAGAAATTAGAACTGTCGG 5250 
ACTGTCATAATCTTGAGGAGATTCCGTCTAGTTTTGGGGATATTTATTCC 5300 
TTGAAAATTATCGAACTTCTAAGGAGCCCTCAACTTGAARATTCCGCTCT 5350 
CAAGATTAAGGAATATGCTGAAGATATGAGGGGAGGGGACGAGCTTCAGA 5400 
TCCTTGGCCWSAAGGATATTCC^ 5450 
GTTGAAAAGTAGATTGCACTTTGCTGGGTAGATTGTATATGGTTAAGAAA 5500 
ATTCTGTTAC AGTTGTTATGAAACATTTTTATTTGACTTTTCTGAGTTTC 5550 
TTTTAGAAAACTCAGAAGTTTTTAACAAAAATTATAGTTTTTATAAATAC 5600 
AATGTGGATTTGCCTTTGGCTGTCCAACTTGGTCTGAAGTCTCATATGCT 5650 
CAGAGCACTATCGTTCAACCTCAATCAAGGTACTGATTTAAAATGACATC 5700 
TATACTACTTTATCACAAACCCAACGAACTTTCATCTCAAAAGCTAGGCC 5750 
AGGAAGTGAAGAGGTTGTAGAGAGCTTATAAGCACTCATGACTTCCTTTT 5800 
CTCGAACATTCAACCAACGTAGGCTGAAATCCCACTCTGAACGAAAATAA 5850 
GTGTTTGTTTATCAAATTAACTCTCGTAGTAGAACACTGAAATACCTTCT 5900 
TCTAAACGTTCAACAAATGGGATOTCCAGCACTCAAAGTGAATGAAAGGT 5950 
TCACATTAATCTTCAAAAAGAATTACGACAATTCATGACCACAAGTACAT 6000 
TGACAGCACCATTTCAACAGAAGAACAAGTCAATGCTGCATCTTCATCAA 6050 
TAATCCGAGTGTCGAACCTCCTTCCTGACACTGTCCTGTATATGTAAAGT 6100 
TTCTCAACAGGGCAACTTTCTGGTCTCGTATCTGGATGACCGCTCTCGTC 6150 
TATAACTTCAACATTAAGCCCTGGCAACTTCTGGACCAACAGCTTACATG 6200 
CTTCAAAACTTACTGAACAATTAGACATCCAAAGGGATCGCATTGTCTCC 6250 
AGCTTTGCAGCATTAGCCAACAGAGCCTCATCGCCAAAGGGGCAGTCTCT 6300 
AATCTCGAATTTGAAAAAATTGTTGTTGTATGACTTTCCTCTGACATCCG 6350 
ATGCACTATCAACAATAGCAAGACTGGAGGTTGGAGAGGAATCCTTTATT 6400 
ATACAATCATTCAGGGAGAAGAATGGAACATGGGGGAGGAAGACACTTTT 6450 
GAGAATCTGAAATGTGTTAGAGCCACAAGCTACAGAAGTATTC3AATTTGT 6500 
CATGAATATCAACATOCTTCATC 6550 
AGACTCTCATTyi^AATCACTAATATTCTTCTATTTGTGACTTCTTTTCTG 6600 
C AGGTGGC AACTTTAAATTC ATAAAGTATAGGATTGATGACAAACTCGAA 6650 
AAATATCTTAATGAGGTGAAGTTTGAGCAGTCAGCAGATGGTGGTTCCAA 6700 
CTCTAAGTTGAOVAGCACATACTATCCCGGAGGGCGATTTCAAGCCTGAT 6750 

^ GCATAO^TTAGTGTGGCTAGAGCAGACAGGATGTATTACCTGGATATCT .6.800.. - , ... r ^ 

T^tt.i>. ACGAAGACGAATCCMAATCAGTTTTATGTCAAGCAATACATGAAGTAAC- -6850- . 
TCCCGATAGAACAGTAAAAGCAAGATGTGTAGGTGTATCTCGMZTCTAAG 6900 



ll-RUG-2003 19:42 



BASF RG GUX. C100 



+49 621 6021183 5.132^221 



Agrico BM. 20030595 PF 54801 

11 

AGATTGTAC ATTCCTCTTTGAGATTTTTACTGCTAATACAAATTTAC ACC S 9 5 0 
TCAGAAGCGAATCTAGAATTTCTAGAGCATGAATGCACCACTAATGAAAG 7000 
GAGAAAAAAGGAAGTATGAAGTGGGAATTTGATCCTTGTTTCTAGGTATA 7050 
TAAAATTTATCATTCAACTATACTTCATTTAGCAAACAACTCTCTTTGCC 7100 
ATTATTTCTCAAACAAGGGCTTCTAATATTGCTAAACTAAAGACTGTCAA 7150 
" AAGGTAAGTTCATCTTCAAACTCTCTTGTTTACTTTATCTAAAGGGGAAC 7200 " ' 
TATGAAAAACAAGAAACATCAGGAATGTCCCGTAAACAAAGCAGCCTCAT 7250 
GCACAAAACATCCAACGTTGGTAGGATTAATGGAGGGATCGCATCCCAGG 7300 
AGGATACTGTAGAAAAATTAGTGGCTTCTTTCACCGCTCAAACCCATGAT 735 0 
CTATAGGTTACATGGAGACAACTTTATGGTTGCTCGTAGGCTCCCGTCAA 7400 
TTCTCATAAACCACAACACCAAAGTTGCATC AGACATCATCTTC ATTCAC 7450 
AAGCTGACAATCTCCACAAGTCTTAGTCAACTTGTAATATGAATATTAGC 7500 
GAGGTAGACGTACATATTTACAAAATTGAGTTTCCTATATAATATGGTTT 7550 
GAAGGAATGAAACATGATGGGGAGGGTAGATAAAATAATATATGAGGCAT 7 S 0 0 
AAAAATAGGAAAGATATTTGTAGTGAGAGGTTTTG^ 7S50 
TTTGATCTTC AGTTTCTTGTATTCTTTTTCTACTGCTTTCCTCTTCTTTC 7700 
TCCTGAGTAAAGTTTTATGTAGGTACTTTTTATACGTCCGATCGTGAGAA 7750 
CTTGAAAGAAAGCTCTCTATAGCTATGTTAGGTGCCCACATAAAAAAATG 7800 
AAATATTACAAAAACCCTGATAATAAAATACACTAATCTAAGATATTCAC 7850 
TGCAACATACATGCAAAATATATATATATAAATTTTCATGAAAATTATAA 7900 
CAAATAATAGATGTGAACATATAACTTTAAAAATAATATTACZATCCATAA 7950 
AGCTTAAATTCTAGATC 7967 
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Figure 13D 

GATCTGCTTCAAATGCTCTGATACC^TGTAATTTCAGTGAATTCTAACTA 50 
AACAATGGAGAGAATTAACTATTTTAGAAAGACTGATTGAAGGAGAAGAA 100 
GAGAGAAAAATTCTATATTGAACTCATGAACCAAZVATGAATGAAAAAAAT 15 0 
AATGAGAAGAACTATACTATTACAATCTATATATCTCTATTTATATTCTA 200 
ATCTGAAGC AGTTAATTTAACTGACTCTAACAACTAGACTGATAGGTGTA 250 
CATTTTCTGTTAGTGCACTGCAGTGCATTTAACTAACTGCTTAACATAAA 300 
GAATGTTGTTCGAACTTCATTCGAATAGCTTCAATGAGAAGCAAACATGT 350 
GTACCTGTAAAGACACACAGTAAAAGTGTTAATAATGAATAAATATGAAT 400 
AAATCAAATAATAAATTAAAAATAAAAACACATCCAATTAACATTGGAGG 45 0 
TCTTGAAT^TCGATGGTAATTAACAAAGACCCTTGTGAAATTTAAGTCTG 500 
TAATTGAAAATTTGAGTATAGGTTAGGGGACATTTGACTATTTTCTCATT 550 
TTCTTTATCTTTTTCCTAATTTGTGGCAGACAAGTGAGGAGGCCCCACTG 600 
TAATTGATTCATGCTTTTGCTTTCTTGACTT TTTGGAACAATACTATGC A 650 
TCATATTTGGTCTTAATTATTCCTCT 700 
TATACATCTAATAACAAAGCAAGCAGAGGATATATAGTTTCATCAACTAA 750 
AAAGGTTAGTCAACTCATCTAATATTTGCTACTCTCATCTCTATTGAAGT 800 
ACAGTTATGGAAAAGTAGAAGTGATGTAAGAAAZ^TGAAAGAACTTTAGT 850 
AGGTTAGTTGGATCTAACAAAGAGAAAGGGAAATAAATTGCAGGAGAAAG 900 
AGAGAGGTTAAATACTTACTCACACCACCGATTTACAACAAATCACTTAA 950 
TTGTGGTTAGTTAATGTATACTTTCACCTCATTAAATTATTACTTACCCA 1000 
TGATAAGTTGTATTAATTTGGTATTAATATCCGGTGCGGGTGAATTCTTA 1005 
CCGGC3TGAGAGGGATGGGGTTGGAGAGTGTGGAGTGAACAGAAG CAGATG 1100 
TTTTAGATTTTTTCTAAGATGACGAAAGATTCCCCTCACTAATGAAAATA 1150 
TATTACTATACGCTATTAGAGATAGAAAGGTTCGGTACCAGTTGGTCTCG 1200 
TTTCTGGATGAACCCCATTTTTACAAGTCATTTTCTTC 1250 
AAGTGTACCTTTATCATCTTCCACTAATTAAGTCCTCTTAAGTTCGCGTG 13 00 
AAAATAGTGAAATTATTGATTATTCTTATCATTTCATCTTCTTTCTCCTG 1350 
ATAAAGTTTTATGTACTTTTTATGCATCAGGTCTTGAGAACTTGGAAAGG 1400 
AAAAGTAGAATC^ISGAAAAACGAAAAGATAATGAAGAAGCAAACAACTC 1450 
ATTGGTATGTTATTTGATAGAGTGAACTGTAAAGTATTGAATTGTAGAT 1500 
TCATGTGGCTTTAAAAATTTGATATGTGTTATTTTGGCAGGAGTCATTTT. 15.50. 
CTGCTCTTCGCJAGGATGC0H3CCAATGTTCTGG 160 0_ , 

AAGAATGAAGAAGATCAAAAGGCTGTO?GATGTGGATCTGATTGAAAGCCT 1650 
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GAAATTGAAGCTGACATTTATTTGTACATATGTCCAGCTTTCTTATTCCG 1700 
ATTTGGAGAAGTTTGAAGATATAATGACTAGAAAAAGACAAGAGGTTGAG 1750 
AATCTGCTTCAACC AATTTTGGATGATGATGGCAAAGAGGTCGGGTGTAA 1800 
ATATGTCCTTACTAGCCTCGCCGGTAATATGGATGACTGTATAAGCTTGT 185 0 
ATCATCGTTCTAAATCAGATGCCACCATGATGGATGAGCAATTGGGCTTC 1900 
CTCCTCTTGAATCTCTCTCATCTATCCAAGCATCGTGCTGAAAAGATGTT 195.0. 
TCCTGGAGTGACTCAATATGAGGTTCTTCAGAATGTATGTGGCAACATAA 2000 
GAGATTTCC ATGGATTGATAGTGAATTGTTGCATTAAGCATGAGATGGTT 2 0 50 
GAGAATGTCTTATCTCTGTTTC AACTGATGGCTGAGAGAGTAGGACGCTT 2100 
CCTTTGGGAGGATCAGGCTGATGAAGACTCTCAACTCTCCGAGCTAGATG 2150 
AGGATGATCAGAATGATAAAGACCCTCAACTCTTCAAGCTAGCACATCTA 2200 
CTCTTGAAGATTGTTCCAACTGAATTGGAGGTTATGCACATATGTTATAA 2250 
AACTTTGAAAGCTTCAACTTCAACAGAAATTGGACGCTTCATTAAGAAGC 2300 
TCCTGGAAACCTCTCCGGACATTCTC AGAGAATATCTGATTCATCTACAA 2350 
GAGCATATGATAACTGTTATTACCCCTAACACTTCAGGGGCTCGAAACAT 2400 
TC ATGTCATGATGGAATTCCTATTGATTATTCTTTCTGATATGCCGCCC A 2450 
AGGACTTTATTCATCATGACAAACTTTTTGATCTCTTGGCTCGTGTTGTA 250 0 
GCACTTACCAGGGAGGTATCAACTCTTGTACGCGACTTGGAAGAGAAATT 2550 
AAGGATTAAAGAGAGT ACTGACGAAACAAATTGTGC AAC CCTAAAGTTTG 2600 
TGGAAAATATTGAACTCCTTAAGGAAGATCTCAAACATGTTTATCTGAAA 2650 
GTCCCGGATTCATCTC AATATTGCTTCCCCATGAGTGATGGACCTCTCTT 2700 
C ATGCATCTGCTAC AGAGACACTTAGATGATTTGCTGGATTCCAATGCTT 275 0 
ATTCAATTGCTTTGATAAAGGAACAAATT 2800 
GAATTCATAAGATCTTTTTTCGCGAATATTGAGCAAGGATTGTATAAAGA 2850 
TCTCTGGGAACGTGTTCTAGATGTGGCATATGAGGCAAAAGATGTCATAG 2900 
ATTCAATTATTGTTCGAGATAATGGTCTCTTACATCTTATTTTCTCACTT 2950 
CCC ATTAC C AGAAAGAAGATGATGCTTATC AAAGAAGAGGTCTCTGATTT 3000 
ACATGAGAACATTTCCAAGAACAGAGGTCTCATCGTTGTGAACTCTCCCA 3050 ■ 
AGAAACCAGTTGAGAGCAAGTCATTGACAACTGATAAAATAATTGTAGGT 3100 
TTTGGTGAGGAGACAAACTTGATACTTAGAAAGCTCACCAGTGGACCGGC 3150 
AGATCTAGATGTC2ATTTCGATCATTGGTATGCCGGGTTTAGGTAAAACTA 3200 
CTTTGGCGTACAAAGTATACAATGATAAATCAGTTTCTAGCCATTTCGAC 325 0 
CTTCGTGCATGGTGCAGGGTCGAGGAAGTATATGACGAGAAGAAGTTGTT^ .3.3 0 0 . * mJL .„ ^ 
GGATA^^TTTTC^TCAAGTTAGTGACTCAAATTCAA21ATTGAGTGAGA. 2&&&^:\y :^ 
ATATTGATGTTGCTGATAAACTACGGAAAC AATTGTTTGGAAAGAGGTAT 3400 
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CTTATTGTCTTAGATGACGTGTGGGATACTAATACATGG6ATGAGCTAAC 3450 
AAGACCTTTTCCTGATGGTATGAAAGGAAGTAGAATTATTTTGACAAC'TC 3500 
GAGAAAAGAAAGTTGCTTTGCATGGAAAGCTCTACACTGATCCTCTTAAC 3550 
CTTCGATTGCTAAGATCAGAAGAAAGTTGGGAGTTATTAGAGAAAAGGGC 3600 
ATTTGGAAACGAGAGTTGCCCTGATGAACTATTGGATGTTGGTAAAGAAA 3650 
TAGCCGAAAATTGTAAAGGGCTTCC^ 3700 
ATCATTGCTGGGAGGGAAAAGAAAAAGAGTGTGTGGCTTGAAGTTGTAAA 3750 
TAATTTGCATTCCTTTATTTTGAAGAATGAAGTGGAAGTGATGAAAGTTA 3800 
TAGAAATAAGTTATGACC ACTTACCTGATCACCTGAAGCC ATGCTTGCTG 3850 
TACTTTGCAAGTGCGCCGAAGGACTGGGTAACGACAATCCATGAGTTGAA 3900 

. ACTTATTTGGGGTTTTGAAGGATTTGTGGAAAAGACAGATATGAAGAGTC 3950 
TGGAAGAAGTGGTGAAAATTTATTTGGATGATTTAATTTCC AGTAGCTTG 4000 
GTAATTTGTTTCAATGAGATAGGTGAT'TACCCTACTTGCCAACTTCATGA 4050 
TCTTCTGCATGACTTTTGTTTGATAAAAGCAAGAAAGGAAAAGTTGTGTG 4100 
ATCGGATAAGTTCAAGTGCTCCATCAGATTTGTTGCCACGTCAAATTAGC 4150 
ATTGATTATGATGATGATGAAGAGCACTTTGGGCTTAATTTTGTCCTGTT 4200 
CGGTTCAAATAAGAAAAGGCATTCCGGTAAACACCTCTATTCTTTGACCA 4250 
TAAATCGAGATGAGCTGGACGACCATCTTTCTGATACATTTCATCTAAGA 4300 

• CACTTGAGGCTTCTTAGAACCTTGCACCTTO 4350 
TAAAGATTCTTTGCTCAATGAAATATGCATGTTGAATCATTTGAGGTACT 4400 
TAAGCATTGGGACAGAAGTOAAATCTCTGCCTTTGTCTTTCTCAAACCTC 4450 
TGGAATCTAGAAATCTTGTTTGTGGATAACAAAGAATCAACCTTGATACT 4500 
ATTACCGAGAATTTGGGATCTTGTAAAGTTGCAAGTGCTGTTCACGACTG 4550 
CTTGTTCTTTCOTTGATATGGATGCAGATGAATCAATACTGATAGC AGAG 4600 
GACACAAAGTTAGAGAACTTGACAGCATTAGGGGAACTCGTGCTTTCCTA 4650 
TTGGAAAGATACAGAGGATATTTTCAAAAGGCTTCCCAATCTTCAAGTGC 4700 
TTCATTTCAAACTCAAGGAGTCATGGGATTATTCAACAGAGCAATATTGG 4750 
TTCCCGAAATTGGATTTCCTAACTGAACTAGAAAAACTCACTGTAGATTT * 48 0 0 
TGAAAG ATCAAACAC AAATGAC AGTGGGTCCTCTGCAGCCATAT^ATCGGC 4850 
CATGGGATTTTCACTTTCCTTCGAGTTTGAAAAGATTGCAATTGCATGA^ 4900 
TTTCCTCTGACATCCGATTCACTATCAAC AATAGCGAGACTGCTGAACCT 4950 
TGAAGAGTTGTACCTTTATCGTACAATCATCCATGGGGAAGAATGGAACA 5000 
TGGGAGAAGAAGACACGTTTGAGAATCTCAAATGTTTGATGTTGAGTC2^ "SOiS'O ^ " m<i 
GTGATTCTTTCCAAGTGGGAGGTO^ 5100' 
GAAATTAGAACTGTCGGACTGTCATAATGTTGJ^GGAGATTCCGTCTAGTT 5150 



» 
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TTGGGGATATTTATTCCTTGAAAATC^ 5200 
CTTGAAAATTCCGCTCTCAAGATTAAGGAATATGCTGAAGATATGAGGGG 5250 
AGGGGACGAGCTTCAGATCCTTGGCCAGAAGGATATCCCGTTATTTAAG2 530 0 
^TTTTTGAGCACTATGGTTGAAAAGTAGATTGCACTTTGCTGGGTAGAT 5350 
TGTATATGGTTAAGAAAATTCTGTTACAGTTGTTATGAAACATTTTTATT 5400 
TGACl^TTCTGAGTTOCTTYTTA^ 5450 
ATAGTTTTTATAZ^TACAATGTGGATTTGCCTTTGGCTGTCCAACTTGGT 5500 
CTGAAGTCTC^TATGCTCAGAGCACTATCGTTCAACCTCAATIIAAGGTAC 5550 
TGATTTAAAATGACATCTATACTACTTTATC ACAAACCC AACGAACTTTC 5600 
ATCTCAAAAGCTAGGCCAGGAAGTGAAGAGGTTGTAGAGAGCTTATAAGC 5650 
ACTCATGACTTCCTTTTCTCGAACATTCAACCAACGTAGGCTGAAATCCC 5700 
ACTCTGAACGAAAATAAGTGTTTGTTTATCAAATTAACTCTCGTAGTAGA 5750 
ACACTGAAATACCTTCTTCTAAACGTTCAACAAATGGGATTTCCAGCACT 5800 
CAAAGTGAATGAAAGGTTC AC ATTAATCTTCAftAAAGAATTACGAC AATT 585 0 
CATGACCACAAGTACATTGACAGCACCATTTCAACAGAAGAACAAGTCAA 5900 
TGCTGCATCTTCATCAATAATCCGAGTGTCGAACCTCCTTCCTGACACTG 595 0 
TCCTGTATATGTAAAGTTTCTC^CAGGGCAACTTTCTGGTCTCGTATCT 6000 
GGATGACCCCTCTCGTCTATAACTTCAACATTAAGCCCTGGCAACTTCTG 6050 
GACCAACAGCTTACATGCTTCAAAACTTACTGAACAATTAGACATCC AAA 6 1 0 0 ■ 
GGGATCGCATTGTCTCCAGCTTTC 6150 
CCAAAGGGGCAGTCTCTAATCTCGAATTTGAAAAAATTGTTGTTGTATGA 6200 
CTTTCCTCTGACATCCGATGCACTATCAACAA'TAGCAAGACTGGAGGTTG 6250 
GAGAGGAATCCTTTATTATACAATCATTCAGGGAGAAGAATGGAACATGG 63 00 
GGGAGGAAGACACOTTTGAGAATCTGAAATGTGTTAGAGCC ACAAGCTAC 6350 
AGAAGTATTGAATTTGTCATGAATATCZ^CATTCTTCATCCTAGTTAATT 6400 
CTTTTTCAATTTTTAATAGACTCTCATTTTAATCACTAATATTCTTCTAT 6450 
TTGTGACTTCTTTTCTGCAGGTGGCAACTTTAAATTCATAAAGTATAGGA 6500 
TTGATGAC AAACTCGAAAAATATCTTAATGAGGTGAAGTTTGAGCAGTCA 6550 
GCAGATGGTGGTTCCAACTCTAAGTTGACAAGCACATACTATCCCGGAGG 6600 
GCGATTTCAAGCCTGATGC ATATGGTTAGTGTGGCTAGAGC AGACAGGAT 6650 
GTATTACCTGGATATCTACCAAGACGAATCCACAATCAGTTTTATGTCAA 6700 
GCAATACATGAAGTAACTCCCGATAGAAC AGTAAAAGCAAGATGTGTAGG 6750 
...... .TGTATCTCGAGTCTAAGAGATTC^ * '** 

• ~ TAATACAAATTTACACCTCAGA^CGAATCTAGAATTTCTAGSGCATCAA "6 8'?0 - - ' ' 

TGCACCACTAATGAAAGGAGAAAAAAGGAAGTATGAAGTGGGAATTTGAT 6900 
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CCTTGTTTCTAGGTATATAAAATTTATCATTCAACTATACTTCATTTAGC 6950 
AAACAACTCTCTTTGCCATTATTTCTCAAACAAGGGCTTCTAATATTGCT 7000 
AAACTAAAGAC0X3TCAAAAGGTAAGTTCATCTTCAAACTCTCTTGTTTAC 7050 
TTTATCTAAAGGGGAACTATGAAAAACAAGAAACATCAGGAATGTCCCGT 7 10 0 
AAACAAAGCAGCCTCATGCACAAAACATCCAACGTTGGTAGGATTAATGG 7150 
AGGGATCGCATCCCAGGAGGATACTGTAGAAAAATTAGTGGCTTCTTTCA. 7200 
CCGCTCAAACCCATGATCTATAGGTTACATGGAGACAACTTTATGGTTGC 7250 
TCGTAGGCTCCCGTCAATTCTCATAAACCACAACACCAAAGTTGCATCAG 7300 
ACATCATCTTCATTCACAAGCTGACAATCTCCACAAGTCTTAGTCAACTT 7350 
GTiATATGAATATTAGCCAGGTAGACGTACA'TATTTACAAAATTGAGTTT 7400 
CCTATATAATATGGTTTGAAGGAATGAAACATGATGGGGAGGGTAGATAA 7450 
AATAATATATGAGGCATAAAAATAGGAAAGATATTTGTAGTGAGAGGTTT 7500 
TGACTTTTTATGCTGCTTTTGATCTTCAGTTTCTTGTATTCTTTTTCTAC 7550 
TGCTTTCCTCTTCTTTCTCCTGAGTAAAGTTTTATGTAGGTACTTTTTAT 7600 
ACGTCCGATCGTGAGAACTTGAAAGAAAGCTCTCTATAGCTATGTTAGGT 7650 
GCCCACATAAAAAAATGAAATATTACAAAAACCCTGATAATAAAATACAC 7700 
TAATCTAAGATATTCACTGCAACATACATGCAAAATATATATATATAAAT 7750 
TTTCATGAAAATTATAACAAATAATAGATG'TGAACATATAACTTTAAAAA 7800 
TAATATTACATCCATAAAGCTTAAATTCTAGATCCATCTATGCTTGTATG 7850 
ATGCATAGCTCAGAATATCTCCATCAAGTGTTAAACTACATATTTCATTC 7900 
AAATTTATATAGAAAACGATAATTAAGGTGAAAACTTTTATAAAGATATC 7950 
GTGTGGTTGTGTGAGTGAGGTGACAAAATAAGTTGTGTGATTATTCAAAA 8000 
AGTTTTAATAACGAAAATCCACATGCTTGAATTAATTGAAGCATTAATGT 8050 
TGTAACGAAAAATATTACSITTTATTGAGTTACTGTGATGTTTTAACTGAT 8100 
ATATAAAATAATATTGGTATTTCTCTTCATCTGCGACATAATATGTTTTT 8150 
TCATCTTTTTTCAATATACAAAATAGAATTATTATTTTGTTGCATCTTTT 8200 
TAAGTACAAATTATTCATATGTATATAGTACAAAATAAAATATTTACTGT 8250 
GGTAAAGTAAATGGAATAAGAGGTCATATTTGAAATAACAATATACTATA 8300 
CTATGTTAAAGTATTTTTTATAGTTAAAATTTCTCTAGAGTACTTGATTC 8350 
TACATACAAATACTAATTTCGTAAAAAAATTAATATTGAATTTCTTCATT 8400 
GTTTCTTTATTATTAAATTAGTTTATAATAACTAAACTAAGGTAATAAGA 8450 
CCTTAGTTTAGTTAATGTGTGTCTCTGTGATTTCGTTCATAGTCTAAGGG 8500 
'•TGTA€TTGTGCCTTATCCGAAAAATGAAGGAATATCAA^ 855 0 >h '" 

AATTAAATTAAATATTTGGAGGTTATGAATATA 8600 
ACA^TATAAAGAGTAAC AATTGAAATAATTAATTAAATATGAGATATGAAG 8650 
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GCGGACATTTAAAGJUUVATAATAAA^ 8700 
CATAATACATAATACCAATAAGCCGTAGAATATCTCCGTCATAATGCATA 8750 
AACTAATAAATCACAAATGTATAACTCACATACAAATATTTTTTGATAAA 8800 
GAATTTGAATGTTGTAATAGAATGGAGAATAACTTGTGTCTTATTCCATT 8850 
ATCTAAGACGTATAAATACAAATACAATGAGCTCTAATTAATTAAGGAAA 8900 
~ - CTAAATAAGGAAGGAATCAAAAAATATTATQTCATATCCCTACATATCTG-' 895 0 : 
CTAGAGATTCTATCATATCCTTACATATCTGTTAAGCTATGTCTACACCT 9 0 0 0 
AAAGGTGTCTACAATC ATTTTGTAACACTCCCCCTCAAGTTAGAGCATAG 9050 
ATATTATTCATTCCC AACTTGTT ACAAAG ATAATCAACTCGAGTTCC ATT 9100 
CAACGCTTTTGTGAACAAATCAACTAGTTGCTCTCCTGTCTTCACTTAGC 9150 
TAGTGGATATCAGGTTTTCATGAATCTTCTC ACGAATAAAATGAC AGTC A 9200 
ACCTCAATATGTTTAGTTCTTTCATGAGACACCGGATTCAAGGC AATATG 9250 
GAGCGCAACTTGATTATCATACTAGAGTTTTGATGGTATATGATGCTTCA 9300 
ACCCTATTTCTGTTAAAAGATAATGTATCCACATGATCTCACCCATAGAC 93 50 
TGTAACATAACTCTGTACTTTGATTCTGC ACTAGATCAAGATACAACATT 9400 
TTGCTTTTTACTCCTCCATGATACC AGGTTTCATCCAACAAAGACACAAT 9450 
AACTTGTAGTAGATCTTCTATCAATTTTCGATCCAGCCCAATCGACATCT 9500 
GCAAAACACTCAATATGAGTATGGTCGTGATTTTGATACTATATTCCAAG 9550 
ACTAGGAGTTTTCTTCAAGTAACATAGAATATGTTCCAAAGCTGCCCAGT 9600 
GTTTGACGTAGGTGCAAACATGAACTAGCTAACAACACTTACTGC AAAAG 9650 
CAATATCAAGATGAGTCACAATAAGGTAGTTTAACTTTCCAACTAACCTT 9700 
TTGTATCTCTATGGATC ATTAAAAGGATCGTCGTCATCTTTCATAAGATG 9750 
C ATATTGGGAACC ATTGGAGAACTTC AGGGTTTGGCTGCCATCTTTCAAT 9800 
TTTCTGCAAGTAGATCGAGAGAATAT ATTCTCTAAG ACAAAAGAATTCC C 9850 
TTTTTGTTTCTATTTACTTCTACTCCC AAAATGTATTTCAATTGACCCAA 9900 
GTCCTTCGTATGAAACCAAGTATGCAGGAAAGACTTGAGGGAAGAGATC 9949 
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SEQUENCE LISTING 



5 <110> Agrico 



10 



<120> Resistant plants and uses thereof 



15 



<L30> AE 20030596 



<;160> 94 



20 



<170> Pat en tin version 3.1 



25 



30 



<;210> 1 

<211> 3B04 

<212> DNA 

<213> solarium bulbocastanum 



35 



40 



<220> 

<221> CPS 

«;222> (1)..<3B04) 

<223> 



45 



50 



55 



60 



65 



70 



75 



<d00> 1 M 
atg gaa aaa cga aaa gat aat gaa gaa goa aac aae tea fctg gag tea 48 
Met Gin Lys Arg Lys Asp Asn Glu Glu Ala Asn Asn Ser Leu Glu Ser 
1 5 10 15 

ttt tct get ctt cgc aag gat get gee aat gtt ctg gat ttq eta gag 95 
Phe Ser Ala Leu Arg Lys Asp Ala Ala Asn Val Leu Asp Ehe Leu Glu 
20 25 . 30 

aga tta aag aat gaa gaa gat caa aag get get gat gtg gat ctg att 144 
Arg Leu Lys Asn Glu Glu Asp- Gin Lye Ala Val Asp Val Asp Leu He 
35 40 45 

gaa age ctg aaa ctg aag ctg aca ttt att tgt aca tat gtc cag ctt 192 
Glu Ser Leu .Lys Leu Lys Leu Thr Phe He Cys Thr Tyr Val Cln Leu 
50 ^ 55 60 

tot tat tec gat ttg gag aag ttt gaa gat ata atg act aga aaa aga 240 
Ser Tyr Ser Asp Leu Glu Lys Phe Glu Asp II© Met Thr Arg Lys Arg 

65 70 ^ _ # . 75 ........ 80. 

caa gag gtt gag aat ctg ett caa cca att ttg gat gat: gat gge^aaa . 288 
Gin Glu Val Glu Asn Leu Leu Gin Pro He Leu Asp- Asp Asp Gly Lys ' 
fi5 90 95 

gac gtc ggg tgt aaa tat gtc ctt act age etc gec ggt aat atg gat 33 6 

Asp Val Gly Cys Lys Tyr Val Leu Thr Ser Leu Ala Gly Asn Met Asp 
100 105 • 110 

gac tgt ata age ttg tat cat cgt tct aaa tea gat gee ace atg atg ' 384 
Asp Cys He Ser Leu Tyr His Arg Ser Lys Ser Asp Ala Thr Met Met 



ll-flUG-2003 19:45 BASF m GUX C100 +49 621 60211B3 S. 143/221 

Agrico B.V. 20030596 PF 54801 



gac tgt ata age teg tat cat cgt tct aaa tea gat gec acc atg, atg 384 
Asp Cys lie Ser Leu Tyr His Arg Ser Lys Ser Asp Ala Thr Met Met 
115 120 125 



20 



40 



gat gag caa ttg ggc ttc etc etc ttg aat etc tct cat eta tec aag 
asp Glu Gin Leu Gly Phe Leu Leu Leu Asn Lou Ser His Leu Ser Lys 
130 135 140 



cag aat gta tgt ggc aac ata aga gat ttc cat gga ttg ata gtg aat 
Glu Asn val Cys Gly Asa lie Arg Asp Phe Hie Gly Leu lie Val Asn 
15 165 170 175 



gac cct caa etc ttc aag eta gca cat eta etc ttg aag att gtt cca 
30 Asp Pro Gin Leu Phe Lys Leu Ala His Leu Lou Leu Lys He Val Pro 
225 230 235 240 



432 



cat cgt get gaa aag atg ttt cct gga gtg act caa tat gag gtt ctt 4 B0 

10 His Arg Ala Glu Lys Met Phe Pro Gly Val Thr Gin Tyr Glu Val Leu 
145 * 150 155 160 



52S 



60 



tgt tgc acc aag eat gag atg gtt gag aat gtc tta tct ctg ttt caa 576 

Cys Cys He Lys His Glu Met Val Glu Asn val Leu Ser Leu Phe Gin 
ISO 185 190. 

ctg atg get gag aga gta gga cgc ttc ctt egg gag gat cag get gat 624 

Leu Met Ala Glu Arg Val Gly Arg Phe Leu Trp Glu Asp Gin Ala Asp 
195 200 205 



25 gaa gac tct caa etc tec gag eta gat gag gat gat cag aat gat aaa 672 
Glu Asp Ser Gin Leu Ser Glu Leu Asp Glu Asp Asp Gin Asn Asp Lys 
210 215 220 



720 



act gaa ttg gag gtt atg cac ata tgt tat aaa act ttg aaa get tea 768 
Thr Glu Leu Glu Val Met His He Cys Tyr Lys Thr Leu Lys Ala Ser 
35 245 250 255 



act tea aca gaa att gga cgc ttc att aag aag etc ctg gaa ace tct 816 
Thr Ser Thr Glu He Gly Arg Phe He Lys Lys Leu Leu Glu Thr Ser 
260 265 270 

ccg gac att etc aga gaa tat ctg att cat eta caa gag cat atg ata 364 
Pro Asp He Leu Arg Glu Tyr Leu He His Leu Gin Glu His Met He 
275 280 285 



45 acc gtt att ace cct aac act tea ggg get cga aac att cat gtc atg 912 
Thr* Val He Thr Pro Asn Thr 5er Gly Ala Arg Asn H* His Val Met 
290 295 300 

atg gaa ttc eta ttg act att cct cct gat atg ccg ccc aag gac ttt 960 
50 Met Clu Phe Leu Leu He He Leu Ser Asp Met Pro Pro Lys Asp Phe 
305 310 315 320 

att eat cat gac aaa ctt ttt gat etc ttg get cgt gtt gta gca ctt 1008 
He His His Asp Lys Leu Phe Asp Leu Leu Ala Arg Val Val Ala. Leu 
55 325 330 335 



acc agg gag gta tea acc ctt gta cgc gac ttg gaa gag aaa tta agg 1056 
Thr Arg Glu val Ser Thr Leu Val Arg Asp Leu Glu Glu Lys Leu Arg 
340 345 350 



acc aaa gag agt act gac gaa aca aat tgt gca acc eta aag ttt ctg 1104 
xle Lys Glu Ser Thr Asp Glu Thr Asn Cys Ala Thr Leu Lys Phe Leu 
355 360 365 



65 ". gaa. aat att gaa etc ctt aag gaa gat etc aaa cat gtt t£t ctg aaa' "115 2" 
Glu Asn He Glu Leu rLeu .Lys Glu Asp Leu Lys His Val Tyr Leu Lys " 

. 370 • *'\- " . ''375' 38D ' • 

gtc ccg gac tea tct caa tat tgc ttc ccc atg agt gat gga cct etc 12oo 
70 val Pro Asp Scr Sear Gin Tyx Cys Phe Pro Mec ser Asp Gly Pro Leu 
385 390 395 400 

ttc atg cat ctg eta cag aga cac tta gat gat ttg ctg gat tec aat 1248 
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15 



35 



55 



Phe Met His Leu Leu Gin Arg His Leu Asp Asp Leu Leu Asp Ser Asn 
405 410 415 

get tat tea att get ttg aca aag gaa caa att ggg ccg gcg aaa gaa . 1296 
Ala Tyr Ser lie Ala Leu lie Lys Glu Gin lie Gly Leu val Lys Glu 
420 425 430 



gac ttg gaa etc ata aga tct ttt tta gcg aat act gag caa gga ttg 
Asp Leu Glu Plie He Arg Ser Phe Phe Ala Asn He Glu Gin Gly Leu 
10 435 440 445 



get ttg cat gga aag etc tac act gar ccc ctt aac ctt cga ttg eta 
Ala Leu His Gly Lys Leu Tyr Thr' Asp Pro Leu Asn Leu Arg Leu Leu 
70 - 675 680 6B5 



1344 



tat aaa gat etc tgg gaa egt gtt eta gat gtg gca tat gag gca aaa 1392 
Tyr Lys Asp Leu Trp Glu Arg Val Leu Asp Val Ala Tyr Glu Ala Lys 
450 455 460 



gat gtc ata gat tea act att gtt cga gat aat ggt etc tta cat ctt 1440 
Asp Val He Asp Ser Jle lie Val Arg Asp Asn Gly Leu Leu His Leu 
465 470 475 480 



20 att ttc tea ctt ccc att acc aga aag aag atg atg ctt ate aaa gaa 1488 
lie Phe Ser Leu Pro lie Thr Arg Lys Lys Met Met Leu lie Lys Glu 
4B5 490 , 495 

gag gtc tct gat tta cat gag aac att tec aag aac aga ggt etc ate 1536 
25 Glu val Ser Asp Leu His Glu Asn He Ser Lys Asn Arg Gly Leu He 
500 505 510 

gtt gcg aae tet ccc aag aaa -cca gtt gag age aag tea ttg aca act . 1584 
Val Val Asn Ser Pro Lys Lys Pro Val Glu Ser Lys Ser Leu Thr Thr 
30 515 520 525 

gat aaa ata att gca ggt ttt ggt gag gag aca aac ttg ata ctt aga 1632 
Asp Lys He He Val Gly Phe Gly Glu Glu Thr Asn Leu He Leu Arg 
530 535 540 



aag etc acc agt gga ccg- gca gat eta gat gtc att teg ate acc ggt 1680 
Lys Leu Thr Ser Gly- Pro Ala Asp Leu Asp Val He Ser lie XI© Gly 
545 550 555 560 



40 atg ccg ggt tta ggt aaa act act ttg gcg tac aaa gta tac aat gat 1723 
Met Pro Gly Leu Gly Lys Thr Thr Leu Ala Tyr Lys Val Tyr Asn Asp 
565 570 575 

aaa tea get tct age cat etc gac ctt egt gca tgg tgc acg gtc gac 1776 
45 Lys Ser Val Ser Ser His Phe Asp Leu Arg Ala Trp Cys Thr Val Asp 
580 585 590 

caa gta tat gac gag aag aag ttg ttg gac aaa att tec aat caa gtt 1B24 
Gin Val Tyr Asp Glu Lys Lys Leu Leu* Asp Lys He Phe Asn Gin Val 
50 595 600 605 

agt gac tea aat cca aaa ttg agt gag aat att gat gtt get gat aaa 187 2 

Ser Asp Ser Asn Ser Lys Leu Ser Glu Asn He Asp val Ala Asp Lys 
610 615 620- 



eta egg aaa caa ttg ttt gga aag agg cat etc att gtc tea gac gac 1920 
Leu Arg Lys Gin Leu Phe Gly Lys Arg Tyr Leu He Val Leu Asp Asp 
625 630 635 640 



60 gtg tgg gat act aac aca egg gat gag eta aca aga cct ttt cct gat 1968 
val Trp Asp Thr Asn Thr Trp Asp Glu Leu Thr Arg Pro Phe Pro Asp 
645 650 655 

ggt atg aaa gga agt aga att att ttg aca act cga gaa aag aaa gtt 2016 
65 Gly Met Lys Gly Ser.. ArjgJEle .He Leu Thr Thr Arg Glu Lys Lys -Val 
560 '" 665 - fc 670 



2064 



aga tea gaa gaa agt tgg gag tta tta gag aaa agg gca ctt gga aac 2112 
Arg Ser Glu Glu Ser Trp Glu Leu Leu Glu Lys Arg Ala Phe Gly Asn 
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4 

690 695 700 

gag agt tgc cct gat gaa eta ttg gat gtt ggt aaa gaa ata gec gaa 2160 
Glu Ser Cys Pro Asp Glu Leu Leu Asp val Gly Lys Glu lie Ala Glu 
5 705 710 715 720 

aat tgt aaa ggg ctt cct ttg gtg gtg gat ctg att get gga ate att 2208 
Asn Cys Lys Gly Leu Pro Leu Val Val Asp Leu He Ala Gly He He 
725 730 735 



10 



30 



50 



get ggg agg gaa aag aaa aag agt gtg tgg ctt gaa gtt gta aat aat 2256 
Ala Gly Arg Glu Lys Lys Lys Ser Val Trp Leu Glu Val Val Asn Asn 
740 745 750 



15 . ttg cat tec tct act ttg aag aat gaa gtg gaa gtg atg aaa gtt ata 2304 
Leu His Ser Phe He Leu Lys ten Glu Val Glu Val Met Lys val Tie 
755 760 76S 

gaa ata agt tat gac cac tta cct gat cac ctg aag cca tgc ttg ctg 2352 
20 Glu He ser Tyr Asp His Lau Pro Asp Mis Leu Lys Pro Cys Leu Leu 
770 775 790 

tac ttt gca agt gcg ceg aag gac tgg gta acg aca ate eat gag ttg 2400 
* Tyr Fho Ala Ser Ala Pro Lys Asp Trp Val Thr Thr He His Glu Leu 
25 785 790 755 800 

aaa ctt att tgg ggt ttt gaa gga ttt gtg gaa aag aca gat atg aag 2448 
Lys Leu He Trp Gly Phe Glu Gly Phe val Glu Lya* Thr Asp Met Lys 
80S 810 815 



agt ctg gaa gaa gtg gtg aaa att tat ttg gat gat tta att tec agt 2496 
ser Leu Glu Glu Val Val Lys He Tyr Leu Asp Asp Leu He Ser Ser 
B20 825 830 



35 age ttg gta att tgfc ttc aat gag ata ggt gat tac cct act cgc caa 2544 

Ser Leu Val He Cys Phe Asn Glu He Gly Asp Tyr Pro Thr Cya Gin 

835 840 845 

ctt cat gat ctt gtg cat gac ttt tgt ttg ata aaa gca aga aag gaa 2592 

40 Leu His Asp Leu Val His Asp Phe Cys Leu He Lys Ala Arg Lys Glu 

850 855 860 

aag ttg tgt gat egg ata agt tea agt get cca tea gac ttg ttg cca 2640 

Lys Leu Cya Asp Arg He Ser Ser Ser Ala Pro Ser Asp Leu Leu Pro 
45 865 870 875 830 

cgt caa att age att gat tat gat gat gat gaa gag cac ttt ggg ctt 2688 

Arg Gin lie ser lie Asp Tyr Asp Aep Asp Glu Glu His Phe Gly Leu 
885 890 S95 



aat tec gto ctg ttc ggt tea aat aag aaa agg cat tec ggt aaa cac 2736 
Asn Phe Val Leu Phe Gly Ser Asn Lys Lys Arg His Ser Gly Lys His 
900 905 910 



55 etc tat tct ttg acc ata aat gga gat gag ctg gac gao cat ctt tct 2784 
Leu Tyr Ser Leu Thr He Asn Gly Asp Glu Leu Asp Asp His Leu Ser 
* 915 920 925 

gat aca ttt cat eta aga cao ttg agg ctt ctt aga acc ttg cac ctg 2832 
60 Asp Thr Phe His Leu Arg His Leu Arg Leu Leu Arg Thr Leu His Leu 
930 935 940 

gaa tec tct ttt ate atg gtt aaa gat tct ttg ctg aat gaa ata tgc 2880 
Glu Ser Ser Phe He Met Val Lys Asp Ser Leu Leu Asn Glu lie Cys 

55, .9.45 . ...... v 950..*.- • — £.955- • • 960 ■ • 

. atg ttg aat s cat ttg agg tac tta age att ggg aca. gaa gtt aaa tct • "* ^928'v*- 
Met Leu Asn His Leu Arg Tyx Leu Ser He Gly Thr Glu Val Lys Ser 

965 970 . 975 . ~ 

70 - • " . .\ - 

ctg cct ttg tct ttc tea aac etc tgg aat eta gaa ate ttg ttt gtg . 2976 
Leu Pro Leu Ser Phe Ser Asn Leu Trp Asn Leu Glu Xle Leu Phe Val 
980 985 990 . 
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10 



15 



20 



25 



30 



35 



gat aac aaa gaa tea acc ttg ata eta tta ccg aga ate tgg gat ctt 
Asp Asn Lys Glu Ser Thr Leu lie Leu Leu Pro Arg lie Trp Asp Leu 
995 1000 1005 

gta aag ttg caa gtg ctg ttc acg act get tgt tct ttc ttt gat 

val Lys Leu Gin Val Leu Phe Thr Thr Ala Cys ser Phe She Asp 
1010 1015 1020 

atg gat gca gat gaa tea ata ctg ata gca gag gac aoa aag tta 

Met Asp Ala Asp Glu Ser lie Leu lie Ala Glu Asp Thr Vys Leu 
1025 1030 1035 

gag aac ttg aca gca tta ggg gaa etc gtg ctt tec tat tgg aaa 

Glu Asn Leu Thr Ala Leu Gly Glu Leu val Leu Ser Tyr Trp Lys - 

1040 1045 1050 • 

gat aca gag gat att ttc aaa agg ctt ccc aat ctt caa gtg ctt 

Asp Thr Glu Asp lie Phe Lys Arg Leu Pro Asn Leu Gin Val Leu 
1055 10SO 1065 

cat ttc aaa etc aag gag tea tgg gat tat tea aca gag caa tat 

His Phe Lys Leu Lys Glu Ser Trp Asp Tyr Ser Thr Glu Gin Tyr 
1070 IO75 1080 

tgg etc ccg aaa ttg gat ttc eta act gaa eta gaa aaa etc act 

Trp phe Pro Lys Leu Asp Phe Leu Thr Glu Leu Glu Lys Leu Thr 

1085 1090 1035 • ... 

gta gat ttt gaa aga tea aac aca aat gac agt ggg tec ten gca 

Val Asp Phe Glu Arg Ser Asn Thr Asn Asp Ser Gly Seir Ser Ala 
1100 1105 1110 

gec ata aat egg cca tgg gat ttt cac ttt act teg agt ttg aaa 

Ala lie Asn Arg Pro Trp Asp Phe His Phe Pro Ser Ser Leu Lys 
1115 1120 1125 



3024 



3069 



3114 



3159 



3204 



3249 



3294 



3339 



3364 



40 



45 



50 



aga ttg caa ttg cat gaa ttt cct ctg aca tec gat 
Arg Leu Gin Leu His Glu Phe Pro Leu Thr Ser Asp 
1130 1135 1140 

aca aca gcg aga ctg ctg aaa ctt gaa gag ttg tac 
Tnr lie Ala Arg Leu Leu Asn Leu Glu Glu Leu Tyr 
1145 1150 1155 



tea eta tea 
Ser Leu Ser 



ctt tat cgt 
Leu Tyr Arg 



aca ate • ate cat ggg gaa gaa tgg aac acg gga gaa gaa gac acc 

Kir lie lie His Gly Glu Glu Trp Asn Met Gly Glu Glu Asp Thr 
1160 1165 1170 

ttt gag aat etc aaa tgt ttg atg ttg agt caa gtg att ctt tec 

Phe Glu Asn Leu Lys Cys Leu Met Lau Ser Gin Val lie Leu Ser 
1175 1180 1185 



3429 



3474 



3519 



3554 



aag tgg gag gtt gga gag gaa tct ttt ccc acg ctt gag aaa tta 
55 Lys Trp Glu val Gly Glu Glu Sor Phe Pro Thr Leu - Glu Lys Leu 
1190 1195 1200 



3609 



60 



65 



70 



gaa ctg teg gac tgt cat aat ctt gag gag att ccg tct agt ttt 
Glu Leu Ser Asp* Cys His Asn Leu Glu Glu lie pro Ser Ser Phe 
1205 1210 1215 

ggg gat att tat tec ttg aaa att ate gaa ctt gta agg age cct 
Gly Asp lie Tyr ser Leu Lys He He Glu Leu Val Arg Ser Pro 
1220. 1225, . 1230. « - 



caa ctt gaa aat tec get etc 
Gln**Leu Glu Asn Ser Ala Leu 
1235 1240 



aag att. aag gaa tat get gaa* gat 
Lys He Lys Glu Tyr Ala Glu Asp 
1245 



atg agg gga ggg gac gag ctt cag ate etc ggc cag aag gat ate 
Met Arg Gly Gly Asp Glu Leu Gin He Leu Gly Gin Lys Asp He 
1250 1255 1260 



3654 



3699 



'3744 



3789 
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ccg tta ctt aag tag 3804 
Fro Leu Plie Lys 
1265 

5 

<210> 2 
«:211> 1267 
10 <212> PRT 

<213> Solanum bulfcocastanum 

15 

<400*. 2- 

Met Glu Lys Arg Lye Asp Asn Glu Glu Ala Asn Asn ser Leu Glu Ser 
1 9 ID 15 

20 

Phe Ser Ala Leu Arg Lye Asp Ala Ala Asn val Leu Asp Phe Leu Glu 
20 25 .30 

25 

Arg Leu Lys Asn Glu Glu Asp Gin Lys Ala Val Asp Val Asp Leu Ha 
35 40 45 

30 Glu Ser Leu Lys Leu Lys Leu Thr Phe He Cys Thr Tyr Val Gin Leu " 
50 55 60 

Ser Tyr Ser Asp Leu Glu Lys Phe Glu Asp He Met Ttor Arg Lys Arg 
35 65 70 75 80 

Gin Glu val Glu Asn Leu Leu Gin Pro lie Leu Asp Asp Asp Gly Lys 
85 90 95 

40 

Asp Val Gly Cys Lys Tyr Val Leu Thr Ser Leu Ala Gly Asn Met Asp 
100 105 110 

45 

Asp Cys He Ser Leu Tyr His Arg Ser Lys Ser Asp Ala 'Thr Met Met 
115 120 125 

50 Asp Glu Gin Leu Gly Phe Leu Leu Leu Asn Leu ser His Leu ser Lys 
130 135 140 

' His Arg Ala Glu Lys Met Phe Pro Gly Val Thr Gin Tyr Glu Vai Leu 
55 145 • 150 ' 155 160 

Gin Asn Val Cys Gly Asn He Arg Asp Phe His Gly Leu He Val Asn 
165 .170 175 

60 

Cys Cys He Lys His Glu Met val Glu Asn val Leu Ser Leu Phe Gin 
180 1B5 190 

^LBUjjtet Ala Glu Arg Val Gly Arg Phe Leu Trp. Glu Asp Gin -jda^risp ~ \ .1 , 
195 * * " ' J * 200' 205 



65 



70 Glu Asp Ser Gin Leu Ser Glu Leu Asp Glu Asp Asp Gin Asn Asp Lys 
210 215 220 
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Asp Pro Gin Leu Phe Lys Leu Ala His Leu Leu Leu Lys He Val Pro 
225 230 235 240 

5 Thr Glu Leu Glu Val Met His He Cys Tyr Lys Tbr Leu Lys Ala ser 

243 250 255 

Thr Ser Thr Glu He Gly Arg Phe He Lye Lys Leu Leu Glu Thr Ser 
10 260 265 270 



15 



20 



35 



40 



55 



60 



Pro Asp He Leu Arg Glu Tyr Leu lie His Leu Gin Glu His Met He 

275 280 285 

Thr Val He Thr Pro Asn Thr Ser Gly Ala Arg Asn He His Val Met 

290 295 300 

Met Glu Phe Leu Leu He He Leu Ser Asp Met Pro Pro Lys Asp Phe 

305 310 315 320 



25 He His His Asp Lys Leu Phe Asp Leu Leu Ala Arg. Val Val Ala Leu 

325 330 335 

Thr Arg Glu Val Ser Thr Leu Val Arg Asp Leu Glu Glu Lys Leu Arg 
30 340 345 350 



He Lys Glu Ser aftir Asp Glu Thr Asn Cys Ala Thr Leu Lys Phe Leu 
355 360 365 

Glu Asn He Glu Leu Leu Lys Glu Asp Leu Lys His val Syr Leu Lys 

370 375 380 

Val Pro Asp Ser Ser Gin Tyr Cys Phe Pro Met Per Asp Gly Pro Leu 
385 390 395 400 



45 Phe Met His Leu Leu Gin Arg His Leu Asp Asp Leu Leu Asp ser Asn 

■ 405 - 410 415 * 

Ala Tyr Ser He Ala Leu He Lys Glu Gin He Gly Leu Val Lys Glu 
50 420 425 430 



Asp Leu Glu Phe He Arg Ser Phe Phe Ala Asn He Glu Gin Gly Leu 

435 440 ' 445 

Tyr Lys Asp Leu Trp Glu Arg val Leu Asp val Ala Tyr Glu Ala Lys 

450 455 460 

Asp Val He Asp Ser He He Val Arg Asp Asn Gly Leu Leu His Leu 

465 ~ 470 475 480 



65- He Phe Ser Leu'Pro He Thr -Arg Lys Lys' Met Met Leu lie Lys'-Clu* 

485 • : . ( 490 495 ■ 

Glu Val Ser* Asp Leu His Glu Asn He Ser Lys Asn Arg Gly Leu He 
70 500 .. 505 510 

Val Val Asn Ser Pro Lys Lys Pro Val Glu Ser Lys Ser Leu Thr Thr 
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515 520 525 

Asp Lys lis He Val Gly Phe Gly Glu Glu Thr Asn Leu He Leu Arg 
5 530 535 540 



10 



15 



30 



35 



50 



55 



70 



Lys Leu Thr Ser Gly Pro Ala Asp Leu Asp Val He Ser He He Gly 
545 550 555 560 

Met Pro Gly Leu Gly Lys Thr Thr Leu Ala Tyr Lys Val Tyr Asn Asp 
565 570 579 

Lys Ser Val Ser Ser His Phe Asp Leu Arg Ala Trp Cys Thr val Asp 
580 585 590 



20 Gin Val Tyr Asp Glu Lys Lys Leu Leu Asp Lys He Phe Asn Gin Val 
595 600 605 

Ser Asp Ser Asn Ser Lys Leu Ser Glu Asn He Asp Val Ala Asp Lys 
25 61D 515 620 



Leu Arg Lys Gin Leu Phe Gly Lye Arg Tyr Leu He Val Leu Asp Asp 
625 630 635 640 

Val Trp Asp Thr Asn Thr Trp Asp Glu Leu Thr Arg Pro Phe Pro Asp 
645 650 655 

Gly Met Lys Gly ser Arg He lie Leu Thr Thr Arg Glu Lys Lys Val 

560 665 670 



40 Ala Leu His Gly Lys Leu Tyr Thr Asp Pro Leu Asn Leu Arg Leu Leu 
675 680 685 

Arg Ser Glu Glu Ser Trp Glu Leu Leu Glu Lys Arg Ala Phe Gly Asn 
45 690 695 700 



Glu Ser Cys Pro Asp Glu Leu Leu Asp Val Gly Lys Glu He Ala Glu 
705 710 715 720 

Asn Cys Lys Gly Leu Pro Leu Val Val Asp Leu He Ala Gly He He 
725 730 735 

Ala Gly Arg Glu Lys Lys Lys Ser Val Trp Leu Glu Val Val Asn Asn 
740 745 750 



60 Leu His Ser Phe He Leu Lys Asn Glu Val Glu val Met Lys Val He 
755 760 765 

Glu He Ser Tyr .Asp His Leu Pro Asp His Leu Lys Pro Cys Leu Leu 
.65. . 770*- - / 775.-.-: * : . - 780— - ~* ' 



Tyr Phe Ala Ser Ala Pro Lys Asp Trp val Thr Thr He His Glu Leu 
785 790 795 ■ 800 

Lys Leu He Trp Gly Phe Glu Gly Phe Val Glu Lys Thr Asp Met Lys 
605 810 815 . 
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Ser Leu Glu Glu Val Val Lys He Tyr Leu Asp Asp Leu lie Ser Ser 
820 825 830 



10 



Ser Leu val He Cys Phe Asn Glu He Gly Asp Tyr Pro Thr Cys Gin 
835 840 845 

Leu His Asp Leu Val His Asp Phe Cys Leu He Lys Ala Arg Lys Glu 
850 853 860 ■ 



-15 Lys Leu Cys Asp Arg He Ser Ser Ser Ala Pro Ser Asp LeU Leu Pro 

• 865 • 870 - 875 880 

Arg Gin He Ser He Asp Tyr Asp Asp Asp Glu Glu His Phe Gly Leu 

20 885 ' 890 895 



25 



30 



Asa Phe Val Leu Phe Gly Ser Asn Lys Lys Arg His Ser Gly Lys His 
900 905 910 

Leu Tyr Ser Leu Thr He Asn Gly Asp Glu Leu Asp Asp His Leu Ser 
915 920 925 

Asp Thr Phe Kis Leu Arg His Leu Arg Leu Leu Arg Thr Leu His Leu 
930 935 940 



35 Glu Ser Ser Pbe He Met Val Lys Asp Ser Leu Leu Asn Glu He Cys 
945 950 955 960 

Met Leu Asn His Leu Arg Tyr Leu Ser He Gly Thr Glu Val Lys Ser 

40 955 970 975 



45 



50 



Leu Pro Leu Ser Phe Ser Asn Leu Trp Asn Leu Glu tie Leu Phe Val 
980 985 990 

Asp Asn Lys Glu Ser Thr Leu He Leu Leu Pro Arg He Trp Asp Leu 
995 1000 1005 

Val Lys Leu Gin Val Leu Phe Thr Thr Ala Cys Ser Phe Phe Asp 
1010 1015 1020 



55 Met Asp Ala Asp Glu Ser He Leu He Ala Glu Asp Thr Lys Leu 
1025 1030 1035 

< 

Glu Asn Leu Thr Ala Leu Gly Glu Leu Val Leu Ser Tyr Trp Lys 
60 1040 1045 1050 



65 



70 



Asp Thr Glu Asp He Phe Lys Arg Leu Pro Asn Leu Gin Val Leu 
1055 1060 1065 

His Phe* Lys' Leu Lys Glu Ser Trp Asp Tyr Ser llif Glu'Gln Tyr 
1070 1075 1080 

Trp Phe Pro Lys Leu Asp Phe Leu Thr Glu Leu Glu Lys Leu Thr 
1085 1090 • 1095 
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Val Asp Phe Glu Arg ser Asn Thr Asa Asp Ser Gly Ser Ser Ala 
1100 1105 1110 

5 

Ala lie Asn Arg Pro Trp Asp Phe His Phe Pro Ser Ser Leu Lys 
1115 1120 1125 

10 Arg Leu Gin Leu His Glu Phe Pro Leu Thr Ser Asp Ser Leu Ser 
1130 1135 1140 

Thr He ' Ala Arg Leu Leu Asn Leu Glu Glu Leu Tyr Leu Tyr Arg 
15 . • 1145 . ' 1150 . 1155 



20 



25 



40 



45 



55 



65 



70 



Thr He He Hie Gly Glu Glu Trp Asa Met Gly Glu Glu Asp Thr 
1160 1165 1170 

Phe Glu Asn Leu Lys Cys Leu Met Leu Ser Gin val He Lou Ser 
1175 1180 1185 

Lys Trp Glu Val Gly Glu Glu Ser Phe Pro Thr Leu Glu Lys Leu 
1190 1195 1200 



30 Glu Leu Ser Asp Cys His Asn Leu Glu Glu He Pro Ser ser Phe 
1205 1210 1215 

Gly Asp He Tyr ser Leu Lys He He Glu Leu Val Arg Ser Pro 
35 1220 1225 1230 



Gin Leu Glu Asn Ser Ala Leu Lys He Lys Glu Tyr Ala Glu Asp 
1235 1240 1245 

Met Arg Gly Gly Asp Glu Leu Gin He Leu Gly Gin Lys Asp He 
1250 • ~ " 1255 1260 

Pro Leu . Phe Lys . 
1265 



50 <210> 3 

<211^ 3890 

<212> PNA 

<213> soianura bulfeocaetanum 



60 <220> 

<221> gene 
<222> (!>.. (3890) 



<223> Coding nucleic acia sequence, of the Rpi-blh2 gene including the i 
... ntron sequence* (position 43-128) , • 



<220> ' 
<221> Intron 
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<222> (43) . . {128) 

<223> coding nucleic acid sequence of the Rpi-blb2 gene including the i 
5 ntron sequence {position 43-128) . 



<400> 3 



10 


atggaaaaae 


gaaaagataa 


tgaagaagca 


aacaactcat 


tggtatgtta 


tncgatagag 


60 




cgaaetgtaa 


agtattgaae 


tgtagatatc 


atgtggcfcfct 


aaaaattcga 


tatgtgttat 


120 


15 


. ..tttggcagga 


gtcattttct 


gctcttcgca 


aggacgctgc 


caatgttctg 


ga,tt:tcctag 


180 


agagaCtaaa 


gaatgaagaa 


gatcaaaagg 


ctgttgatgt 


ggatctgaCC. 


gaaagcctga 


240 




aattgaagct 


gacatttatt 


tgtacatatg 


tccagctttc 


ttattccgat 


ttggagaagt 


300 


20 


ttgaagatat 


aatgactaga 


aaaagacaag 


aggttgagaa 


tctgcttcaa 


ccaattttgg 


360 




atgatgatgg 


caaagacgtc 


gggtgtaaat 


atgcccttac 


tagcctcgcc 


ggtaatatgg 


420 


25 


aegactgtat 


aagcttgtat 


catcgttcta 


aatcagatgc 


caccatgatg 


gat gage aat 


480 


tgggcttect 


cctcttgaat 


ctctctcatc 


tatccaagca 


tcgtgctgaa 


aagatgtttc 


540 




ctggagtgac 


tcaataCgag 


gttcttcaga 


angtatgtgg 


caacataaga 


gatttccatg 


600 


30 


gattgatagt 


gaattgttgc 


antaagcatg 


agatggttga 


gaatgucnca 


tctctgttto 


660 




aactgatggc 


tgagagagfca 


ggacgcttcc 


tttgggagga 


tcaggctgat 


gaagactctc 


720 


35 


aactctccga 


gctagatgag 


gatgatcaga 


atgataaaga 


ccctcaactc 


ttcaagctag 


780 


cacatctact 


cttgaagatt 


gtteeaactg 


aattggaggt 


tatgcacata 


tgttataaaa 


840 




ctttgaaagc 


ctcaacctca 


acagaaattg 


gacgcttcat 


taagaagctc 


ccggaaacct 


900 


40 


ctccggacat 


tctcagagaa 


tatctgafctc 


atctacaaga 


gcatatgana 


acegttacta 


960 




cccctaacac 


ttcaggggct 


cgaaaeattc 


atgtcatgat 


ggaattccta 


ttgattafcr.c 


1020 


45 


nttctgafcat 


gccgcccaag 


gactttatte 


atcatgacaa 


acttcctgat 


ctcttggctc 


1080 


gt'gttgtagc 


acttaccagg 


gaggtatcaa 


ctcttgtacg 


cgacttggaa 


gagaaactaa 


1140 




ggattaaaga 


gagtactgac 


gaaacaaatt 


gtgcaaccct 


aaagtttctg 


gaaaacattg 


1200 


50 


aactccttaa 


ggaagatctc 


aaacatgttt 


atctgaaagt 


cccggattca 


fcctcaatatt 


1260 




gettccccat 


gagngatgga 


cctctcttca 


tgcatctgct 


acagagacac 


ttagatgatt 


1320 


55 


tgctggatt'c 


caatgcttafc 


tcaattgctt 


tgataaagga 


acaaattggg 


ctggtgaaag 


1380 


aagacttgga 


attcataaga 


tctttttfccg 


cgaatattga 


gcaaggattg 


tataaaganc 


1440 




tctgggaacg 


tgttotagac 


gtggcatatg 


aggcaaaaga 


tgtcatagat 


teaattattg 


1500 


60 


ttcgagataa 


tggtctctta 


catcctactc 


tctcacttcc 


cactaccaga 


aagaagarga 


1560 




fcgcttatcaa 


agaa^aggtc 


tctgattfcac 


atgagaacat 


ttccaagaac 


agaggtctca 


1620 


65 


tcgttgtgaa 


cnctcccaag 


aaaccagttg 


agagcaagtc 


attgacaact 


gataaaacaa 


1680 


fctgtaggttrt 


tggtgaggag 


acaaacttga 


tacttagaaa 


gctcaceagt 


ggaecggcag ♦ 


-1740 




atctagatgt 


catttcgatc 


atfcggtatgc 


cgggcttagg 


taaaactact 


ctggcgtaca 


1800 


70 


aagtatacaa 


tgataaatca 


gtttctagcc 


atttcgacct 


tcgtgcatgg 


tgeaeggteg 


1860 




accaagtata 


tgacgagaag 


aagttgttgg 


ataaaatxtt 


caatcaagtt 


agtgactcaa 


1920 
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5 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



70 



attcaaaatt 

agaggtatct 

gacctttccc 

ttgcttfcgca 

aaagttggga 

tggatgttgg 

ttgctggaat 

atttgcattc 

atgaccactt 

actgggtaac 

agacagatat 

gtagcttggt 

ttgtgeatga 

aaagt'gctcc 

agcactttgg 

acctctattc 

atctaagaca 

aagattcttt 

cagaagtcaa 

tggataacaa 

aagtgctgtt 

tagcagagga 

ggaaagatac 

tcaaggagtc 

ctgaactaga 

ctgcagccat 

tgcatg&atfc 

aagagttgta 

acacotttga 

ttggagagga 

aggagattcc 

gccctcaact 

gggacgagct 



gagtgagaat 
tafctgtctta 
tgatggtatg 
tggaaagctc 
gttattagag 
taaagaaata 
cattgctggg 
ctttatettg 
aectgatcac 
gacaatccat 
gaagagtctg 
aatttgcttc 
cttttgtttg 
atcagatttg 
gcttaatttt 
tttgaccata 
cttgaggctt 
gctgaatgaa 
atctctgcct 
agaatcaacc 
cacgactgct 
cacaaagtta 
agaggatatt 
atgggattat 
aaaactcaat 
aaatcggcca 
tcctctgaca 
cctttatcgt 
gaatcccaaa 
atcttttccc 
gtctagtttt 
tgaaaattcc 
tcagatcctt 



attgatgttg 
gatgacgtgt 
aaaggaagta 
tacactgatc 
aaaagggcat 
gccgaaaatt 
agggaaaaga 
aagaatgaag 
ctgaagccat 
gagttgaaac 
gaagaagtgg 
aatgagatag 
ataaaagcaa 
ttgccacgtc 
gtcctgttcg 
aacggagarg 
cttagaaccfc 
atatgcatgt 
ttgtctttcc 
ttgatactat 
tgttctttct 
gagaacttga 
ttcaaaaggc 
fccaacagagc 
gfcagatfcfctg 
tgggattttc 
tccgattcac 
acaatcatcc 
tgtttgatgt 
acgcctgaga 
ggggatattfc 
gctctcaaga 
ggccagaagg 



12 

ctgataaact 

gggatacfcaa 

gaattatttt 

ctcttaacct 

ttggaaacga- 

gtaaagggct 

aaaagagcgt 

tggaagrgac 

gcttgctgta 

ttatttgggg 

tgaaaactxa 

gtgattaccc 

gaaaggaaaa 

aaattagcat 

gttcaaataa 

agctggacga 

tgcacctaga 

tgaatcattt 

caaacctctg 

taccgagaat 

ttgatatgga 

cagcattagg 

ttcccaacct 

aatattggtt 

aaagatcaaa 

actttccttc 

catcaacaat 

atggggaaga 

tgagtcaagt 

aattagaact 

antccLtgaa 

tbaaggaata 

ataccccgtt 



acggaaacaa 
tacatgggat 
gacaactcga 
tcgattgcta 
gagttgccct 
tcctttggtg 
gtggcttgaa 
gaaagtcata 
ctttgcaagt 
ttttgaagga 
tttggatgat 
tacttgccaa 
gttgtgtgat 
tgattafcgat 
gaaaaggcat 
ccatctttct 
atcctctttt 
gaggtactta 
gaatctagaa 
ttgggatctt 
tgcagatgaa 
ggaactcgtg 
tcaagtgatt 
cccgaaattg 
cacaaabgac 
gagtttgaaa 
agcgagactg 
atggaacatg 
gattctttcc 
gtcggactgt 
aattatcgaa 
tgctgaagat 
atttaagtag 



ttgtttggaa 

gagctaacaa 

gaaaagaaag 

agatcagaag 

gatgaactat 

gtggatctga 

gtcgtaaata 

gaaataagtc 

gcgccgaagg 

tttgtgcgaaa 

ttaatttcca 

cttcatgatc 

cggataagtt 

gatgatgaag 

tccggtaaac 

gatacacccc 

atcacggtta 

agcattggga 

atcttgtrctg 

gcaaagtngq 

tcaatactga 

ctttcctatt 

catttcaaac 

ganttcctaa 

agcgggtcct 

agattgcaat 

ctgaaccttg 

ggagaagaag 

aagtgggagg 

cataatcttg 

cctgtaagga 

atgaggggag 



1980 
2040 
2100 
2160 
2220 
2230 
2340 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3180 
3240 
3300 
3360 
3420 
3480 
3540 
• 3600 
3660 
3720 
3780 
3840 
3890 : 



c210> 4 • 
<211?* 1257 
<212> PM " 
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<213> Solanum irulfcocascanum 

5 <220> 

<221> protein 

<Z22> (1)..(1267) 

<223;» Deduced Kpi-blb2 protein sequence 



10 



15 <400> 4 



20 



35 



40 



55 



Met Glu Lys Arg Lys Asp Asn Glu Glu Ala Asn Asn Ser Leu Glu Ser 
1 5 10 .15 

Phe Ser Ala Leu Arg Lya Asp Ala Ala Asn Val Leu Asp Phe Leu Glu 
20 25 30 



25 Arg Leu Lys Asn Glu Glu Asp Gin Lys Ala Val Asp Val Asp Leu lie 
35 40 45 

Glu Ser Leu Lys Leu Lys Leu Thr Phe lie Cys Thr Tyr Val Gin Leu 

30 50 35 60 



ser Tyr Ser Asp Leu Glu Lys Phe Glu Asp He Met Thr Arg Lys Arg 

65 70 75 80 

Gin Glu Val Glu Asn Leu Leu Gin Pro lie Leu Asp Asp Asp Gly Lys 
85 SO 95 

Asp val Gly cys Lys Tyx Val Leu Thr Ser Leu Ala Gly Asn Met. Asp 
100 105 110 



45 Asp Cys He Ser Leu Tyr His Arg Ser Lys Ser Asp Ala Thr Met Met 
• 115 120 125 

Asp Glu Gin Leu Gly Phe Leu Leu Leu Asn Leu Ser His Leu ser Lys 
50 13 D 135 140 



His Arg Ala Glu Lys Met Phe Pro Gly Val Thr Gin Tyr Glu Val Leu 
145 .150 ..155 160 

Gin Asn Val Cys Gly Asn He Arg Asp Phe His Gly Leu He val Asn 
165 170 175 

60 

Cys Cys He Lys His Glu Met Val Glu Asn val Leu Ser Leu Phe Gin 
180 185 190 

, -.65 Leu Met Ala Glu Arg Val . Gly Arg Phe~Leu 'Trp Glu Asp Gin Ala -Asp * 

195 200 -*<'205. 

*fc *..*.. . ~ *"..'* 

. • . . ■ ' * 

Glu Aap Ser Gin Leu Ser Glu Leu Asp Glu A*p Asp Gin Asa Assp Lys 7 
70 210 215 220 

Asp Pro Gin Leu Phe Lys Leu Ala His Leu Leu Leu Lys He Val Pro 
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225 230 235 240 

Thr Glu Leu Glu Val Met His He Cys Tyr Lys Thr Leu Lys Ala Ser 

5 245 250 255 



10 



15 



30 



35 



50 



55 



70 



OThr Ser Thr Glu He Gly Arg Phe He Lya Lys Leu Leu -Glu Thr Ser 
260 265 270 

Pro Asp lie Leu Arg Glu Tyr Leu He His Leu Gin Glu His Met He 

275 280 285 

Thr val Xle Thr Pro Asn Thr Ser Gly Ala Arg Asn lie His Val Met 
290 295 300 



20 Met Glu Phe Leu Leu He lie Leu Ser Asp Met Pro Pro Lys Asp Phe 
305 310 3Xb 320 

He His His Asp Lys Leu Phe Asp Leu Leu Ala. Arg Val Val Ala Leu 
25 325 330 335 



Thr Ara Glu Val Ser Thr Leu Val Arg Asp Leu Glu Glu Lys Leu Arg 
340 3A5 350 

He Lys Glu Ser Thr Asp Glu Thr Asn Cys Ala Thr Leu Lys Phe Leu 
355 360 365 

Glu Asn He Glu Leu Leu Lys Glu Asp Leu Lys His val Tyr Leu Lys 
370 375 380 



40 Val Pro Asp ser Ser Gin l»yr Cys Phe Pro Met Ser Asp Gly Pro Leu 

385 390 395 400 

Phe Met His Leu Leu Gin Arg His Leu Asp Asp Leu Leu Asp Ser Asn 

45 405 410 415 



Ala Tyr Ser He Ala Leu He Lys Glu Gin xle Gly Leu Val Lys Glu 
420 425 430 

Asp Leu Glu Phe He Arg Ser Phe Phe Ala Asn He Glu Gin Gly Leu 
435 440 445 

Tyr Lys Asp Leu Trp Glu Arg Val Leu Asp val Ala Tyr Glu Ala Lys 
4S0 455 460 



60 Asp Val He Asp Ser He He Val Arg Asp Asn Gly Leu Leu His Leu 
465 470 475 480 

He Phe Ser Leu Pro Xle Thr Arg Lys Lys Met Met Leu He Lys Glu 
.65.. rr. — ...4.85; — . - 490 V - • 495- . 



Glu Val Ser Asp Leu His Glu Asn He Ser Lys Asn Arg Gly Leu Xle 
500 505 5X0 ..." 

Val Val Asn Ser Pro Lys Lys Pro Val Glu Ser Lys Ser- Leu Thr. Thr 
515 320 525 



ll-RUG-2003 19=49 

Agrico B.V, 
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Asp Lys lie He Val Gly Phe Gly Glu Glu Thr Asn Leu lie Leu Arg 
530 535 5*0 



10 



Lys Leu Thr Ser Gly Pro Ala Asp Leu Asp val Tie Ser He lis Gly 
545 55Q 555 560 

Met Pro Gly Leu Gly Lys Thr Thr Leu Ala Tyr Lys Val Tyr Asn Asp 
565 570 ^75 



15 Lys* Ser Val Ser Ser His Phe Asp Leu Arg Ala Trp Cys Thr val Asp 

. . 580 585 590 

Gin Val Tyr Asp Glu Lys Lys Leu Leu Asp Lys lie Phe Asn Gin Val 

20 595 600 605 



25 



30 



Ser Asp Ser Asn Ser Lys Leu Ser Glu Asn He Asp Val Ala Asp Lys 
610 • . 615 620 

Leu Arg Lys Gin Leu Phe Gly Lys Arg Tyr Leu He Val Leu Asp Asp 
625 630 635 " " 640 

Val Trp Asp Thr Asn Thr Trp Asp Glu Leu Thr Arg Pro Phe Pro Asp 
645 650 65>h 



35 Gly Met Lys Gly ser Arg He He Leu Tttir Thr Arg Glu Lys Lys Val 
660 665 670 

Ala Leu His Gly Lys Leu Tyr Thr Asp Pro Leu Asn Leu Arg Leu Leu 
40 675 680 685 



45 



50 



Arg ser Glu Glu Ser Trp Glu Leu Leu Glu Lys Arg Ala Phe Gly Asn 
690 695 700 

Glu Ser Cys Pro Asp Giu Leu Leu Asp Val Gly Lys Glu lie Ala Glu 
705 710 715 720 

Asn Cys Lys Gly Leu Pro Leu val val Asp Leu He Ala Gly He II© 
725 730 735 



55 Ala Gly Arg Glu Lys Lys Lys Ser Val Trp Leu Glu Val Val Asn Asn 
740 745 750 

Leu His Ser Phe He Leu Lys Asn Glu Val Glu val Met Lys Val He 

60 755 760 765 



65 



70 



Glu He Ser Tyr Asp His JLeu Pro A3p Hia Leu Lys Pro Cys Leu Leu 
770 775 780 

...... . / 

Tyr Phe Ala Ser Ala Pro- Lys Asp Trp Val Thr Thr He His clu *Lqu" 
795 790 795 800 

Lys Leu He Trp Gly Phe Glu Gly Phe Val Glu Lys Thr Asp Met Lys 
805 810 815 
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Ser Leu Glu Glu Val Val Lys He Tyr Leu Asp Asp Leu He Ser Ser 
820 825 930 

5 

Ser Leu Val He Cys Phe Asn Glu He Gly Asp Tyr Pro Thr Cys Gin . 
835 840 845 

10 Leu His Asp Leu Val His Asp Phe Cys Leu tTLe Lys Ala Arg Lys Glu 
850 855 860 

<n =£S Leu te P Ile SGr Ser \ Ser Ala Pro Ser Asp Leu Leu Pro 
15 -565 870- 875 880 

Arg Gin Ile Ser Ile Asp Tyr Asp Asp Asp Glu Glu His Phe Gly Leu 
20 885 890 895 

Asn Phe Val Leu Phe Gly Ser Asn Lys Lys Arg His Ser Gly Lys His 
900 905 " 910 

25 

Leu Tyr Ser Leu Thr He Asa Gly Asp Glu Leu Asp Asp His Leu Scr 
315 920 925 

tep 1^ Phe His Leu His Leu Leu Arg Thr Leu His Leu 

930 935 9d0 

Glu Ser Ser Phe He Met Val Lys Asp Ser Leu Leu Asn Glu Ile Cys 
945 550 955 9 £ 0 

Met Leu Asn His Leu Arg Tyx Leu Ser lie Gly Thr Glu Val Lys Ser 
955 970 975 

Leu Pro Leu Ser Phe Ser Asn Leu Trp Asn Leu Glu He Leu Phe Val 
980 985 990 

45 

Asp Asn Lys Glu Ser. Thr. Leu He/ .Leu Leu Pro Arg He- Trp Asp Leu - - / r ~' 
995 1000 1005 

50 Val Lys Leu Gin val Leu Phe Thr Thr Ala Cys Ser Phe Phe Asp 
1010 1015 1020 

Ala Asp Glu Ser lle L * u lle Ala Glu Asp ' Thr Lys Leu 
1025 1030 1035 

Glu Lm Thr Ala Leu GlY G lu I»eu Val Leu ser Tyr Trp Lys 

1° 40 1045 1050 * 

A * P Glu Ile Phe Mu Pro Leu Gin Val Leu 

1°55 1060 1065 

** is Lys Leu Lyff QlM Ser *TP Asp Tyr Ser Thr Glu Gin Tyr . * 

1D7P -r' / -i075 *~ * 1080 ~" - «■•** • 

Trp FJfS* Pro r **.-?* tt Leu Glu Leu Glu Lys Leu Thr 

1085 1090 " 1095 . 



30 

35 945 
40 



55 



60 



65 



70 
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Val Asp Fhe Glu Arg ser Asn Thr Asn Asp Ser Gly Ser Ser Ala 

1100 1105 1110 

5 Ala lie Asn Arg Pro Trp Asp Phe His Phe- Pro ser Ser Leu Lys 

1115 1120 1125 

Arg Leu Gin Leu His Glu Phe Pro Leu Thr Ser Asp Ser Leu Ser 

10 1130 1135 iwo 



15 



20 



Thr lie Ala Arg Leu Leu Asn Leu Glu Glu Leu Tyr Leu Tyr Arg 
1145 • .- . ■ 1150 - • -1155 .'. .- 

Thr lie tie His Gly Glu Glu Trp Asn Met Gly Glu Glu Asp Thr 
1160 1165 1170 

Phe Glu Asn Leu Lys Cys Leu Met Leu ser Gin val He Leu Ser 
1175 1180 H85 . . 



25 Lys Trp Glu val Gly Glu Glu Ser Phe Pro Thr Leu Glu Lys Leu 
1190 H35 1200 



Glu Leu Ser Asp Cys His Asn Leu Glu Glu He pro Ser Ser Phe 
30 1205 1210 1215 

Gly Asp lie Tyr Ser Leu Lys He He Glu Leu Val Arg Ser Pro 
35 1220 1225 1230 

Gin Leu Glu Asn Ser Ala Leu Lys He Lys Glu Tyr Ala Glu Asp 
1235 1240 1245 

40 

Met Aru Gly Gly Asp Glu Leu Gin He Leu Gly Gin Lys Asp He 
1*50 1255 1260 

45 Pro Leu Phe Lys 

1265 ? • . ' 

<t210> 5 

50 

<211> 7967 

«;212> DNA 

55 <213> Solanum bulbocastanum 



<220> 

60 

<221> genomic_DNA_£ragment 
<222> (1)..(7967) 

65 <223> .. Sequence of-th'e 7967 hp Sau3Al genomic DNA fragment 'o f ARP 1197-1. , ■ 
6 BAG -211. present in. p211F-C12 , Rpi-blb2 gene including natural ''rV 
egulatory elements necessary for correct * expression of the gene. 
The initiation codon (ATG position 1546-1548) ana the termination 
codon (TAG position 5433-5435) . 



<;220> 
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IB 

<221> sfcop_codon 
<222> (5433) (5435) 



<223> je^e of the 7367 bp Sau3AI 9f «dc DUA fragment of A TO my-! 

i ^ pre Bene xn PZ11F-C12, Rpx-blb2 creiiQ includirirx nah,r a i 



15 



30 



40 



45 



<220> 

<221> ©tarh_codon 
<222s. (154G)..(1548) 



20 *223> Sequence of the 7967 bp SauSAI genomic DNA fragment of ard 1197-1 
6 BAG 211 present in P211F-C12, Rpi-blb2 gene Sncludino na t »~ I i 
egulatory elements necessary fir correct p^~^7™ ic 9 ,-? r 
The initiation aodon (MG nLiH on ism i c5?f j fche ?en<3 - 

25 coaon (TAG position" siS-JosS?"" 154 *- 1548 > 311(3 ch * termination 



600 
660 



<c400> 5 

gatotagaat caccgaacct cccctcggta cagctcctcc agttctacca tgaatttcat SO 

ccactgattc ctettcaato gecattgeag attctctcga tcwugctca aaaaatcceg 120 

agataaaacc etagatctge ttcaaatget ctgataccat gtaatttcag tgaattcfcaa 180 

35 ctaaacaatg gagagaatta actattttag aaagactgat tgaaggagaa gaagagagaa 240 

aaattctata tfcgaactcat gaaccaaaat gaat 9 aaaaa aataatgagaagaactatac 300 

tattacaatc tatatatctc tatttaeatt ctoatofcgaa gcagttaatt taactgactc 360 

taacaactag actgataggt gtacattttc tgttagtgea ctgcagtgca tttaactaac 420 

tgcttaacat aaagaatgtt gttcgaactt cattcgaata gefctcaatga gaagcaaaca 4B 0 

fcgtgtacctg taaagacaca cagtaaaagt gttaataatg. aataaacatg aataaatcaa 540 
ataataaatt aaaaataaaa acacatccaa ttaacattgg ag 9 tcttgaa aatcgatggt 
5jJ aattaacaaa gacccttgtg aaatttaagt ctgtaattga aaatttgagt ataggttagg 

ggacatttga ctattttctc attttcttta tctttttcct aatttgtggc agacaagtga 720 

ggaggcccca ctgtaattga ttcatgottt tgctttcttg actttttgga acaatactat 780 . 

55 gcatcatatt tggtcttaat tattcctctg tttatttcea gaattfctgag ctctatacat 840 

ctaataacaa agcaagcaga ggatatatag tttcateaac taaaaaggtt agtcaactca 900 

6o tctaatattt gctactctca tctctattga agtacagtta tggaaaagta gaagtgatgt 960 

aagaaaaatg aaagaacttt agtaggttag ttggatctaa caaagagaaa gggaaataaa 1020 

ttgeaggaga aagagagagg ttaaataett actcacacca cogatttaca acaaatca'ct loso 
65 • taattgtggt . tagttaatgt atactttcac ctcattaaaf tattacttac" 1 ecat^aWg-^nao "* 

• ttgtattaat ttggtattaa tatccggtgc ^gtg f aat W ' ttaccgggtg agagggat 9 r 1200-' 

7(J ggtfcggatrag tgt^agtga aea S aagcag at? ttttaga ttttttctaa gatgacgaa* 1260 

gattcccctc actaatgaaa atatattact ataegctatt agagatagaa aggttcggta .' 1320 •' 

ccagttggtc tegtttetgg atgaacccca tttttecaag tcattttctt caafetcaaat 1380 
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10 



5 



10 



.15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



65 



70 



cgcaagtgta 
tgaaattatt 
ttctatgeat 
gataacgaag 
tgaattgtag 
tttctgctct 
aagaagatca 
ttatttgtac 
ctagaaaaag 
acgtcgggtg 
tgtatcatcg 
tgaatctctc 
atgaggttct 
gfctgcattaa 
gagtaggacg 
atgaggatga 
agattgttcc 
cttcaacaga 
gagaatatct 
gggctcgaaa 
ccaaggactx 
ccagggaggt 
ctgaegaaae 
atcteaaaca 
atggacctct 
cttattcaat 
taagaecttt 
nagacgtggc 
fcctfcacatct 
aggtctqtga 
ccaagaaaca 
aggagacaaa 
cgatcattgg 
aafccagtttq 
agaagaagtt 
agaatattga 



cctttatcat 
gattattctt 
caggtcttga 
aagcaaaeaa 
acaccatgtg 
tcgcaaggat 
aaaggctgtfc 
atatgtccag 
acaagaggtt 
tacuatatgtc 
ttctaaatca 
tcatctatcc 
tcagaatgt-a 
gcatgagatg 
ctfccctttgg 
ecagaatgat 
aactgaattg 
aattggacgc 
gafctcatcta 
cantcatgtc 
cattcatcat 
atcaactctt 
aaattgtgca 
cgtttatctg 
ccncatgcat 
tgctttgata 
tttcgcgaat 
atatgaggca 
tattttctca 
tttacafcgag 
agntgagago 
cttgatactt 
tatgccgggt 
tagccatttc 
gttggataaa 
tgttgctgat 



cttccactaa 
atcatttcat 
gaactfcggaa 
cteattggfca 
gctttaaaaa 
gctgccaatg 
gatgtggatc 
ctttettatf 
gagaacctgc 
cttactagcc 
gatgccacca 
aagcatcgtg 
tgtggcaaca 
gttgagaatg 
gaggatcagg 
aaagaecctc 
gaggtcatgc 
ttcattaaga 
caagagcata 
atgatggaat 
gacaaacttc 
gtacgcgact 
accctaaagt 
aaagtcccgg 
ctgctacaga 
aaggaacaaa 
afctgagcaag 
aaagatgtca 
ctncccatca 
aacatfctcca 
aagtcattga 
agaaagctca 
ttaggtaaaa 
gaccttcgtg 
accttcaatc 
aaactacgga 



tcaagtccta 
cttctfctctc 
aggaaaagta 
tgttatttga 
tttgatatgt 
ttetggacct 
tgattgaaag 
cegatttgga 
ttcaaccaat 
tcgccggtaa 
tgatggatga 
ctgaaaagab 
taagagattt 
tcttatctct 
ctgatgaaga 
aactcttcaa 
acatatgtca 
agctcctgga 
tgataactgt 
tcctattgat 
ttgatctctt 
tggaagagaa 
ttctggaaaa 
attcatcfcca 
gacacttaga 
ttgggctggc 
gattgtataa 
tagattcaat 
ccagaaagaa 
agaacagagg 
gaactgataa 
cqagtgga.cc 
ctacctcggc 
catggtgcac 
aagttagtga 
aacaaccgtt 



ttaagttcgc 

ctgacaaagt 

gaatcatgga 

tagagtgaac 

gttafcttfcgg 

ccfcagagaga 

ccngaaatcg 

gaagtttgaa 

tttggatgat 

tatggatgac 

gcaatcgggc 

grtttcctgga 

ccafcggattg 

gcttcaactg 

ctctcaactc 

gctagcacat 

taaaactttg 

aacccctccg 

tattacccct 

tattctttct 

ggcfccgtgtt 

attaaggatt 

tatcgaactc 

atattgcttc 

tgatttgctg 

gaaagaagac 

agatctctgg 

tatfcgttcga 

gafcgatgctx 

fcctcatcgtx 

aataattgta 

ggcagateta 

gfcacaaagta. 

ggtcgaccaa 

ctcaaattca 

tggaaagagg 



gtgaaaatag 
tttatgtact 
aaaacgaaaa 
cgbaaagtac 
caggagfccat 
tfcaaagaatg 
aagctgacac 
gatataatga 
gafcggcaaag 
tgtataagct 
ttcctcctct 
gtgactcaat: 
atagtgaatt 
atggctgaga 
tccgagccag 
ctactcttga 
aaagcttcaa 
gacatxctea 
aacacctcag 
gatat^ccgc 
gtagcactta 
aaagagagta 
ctcaaggaag 
cccatgagtg 
gattccaatg 
ttggaattca 
gaacgtgtcc 
gataatggtc 
atcaaagaag 
gtgaactctc 
ggfctttggcg 

gatgtcattt 

.-•a* 

tacaatgata* 
gta tatgacg 
aaattgagtg 
tatcttattg 



1440 
1500 
1560 
1620 
lGflO 
1740 
X800 
1860 
1920 
1980 
2040 
2100 
2160 
2220 
2280 
234Q 
2400 
2460 
2520 
2580 
2640 
2700 
2760 
2820 
2880 
2940 
3000 
3060 
3120 
3160 
3240 
3300 
3 : 360 
3d20 
3480 
3540 
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20 





bcbtagatga cgtgbgggab 


actaatacat gggabgagcb 


aacaagacct 


tcccctgatg 


3600 




gtabgaaagg aagtagaatt 


atbbtgacaa ctcgagaaaa 


gaaagtbgct 


ttgcatggaa 


3660 


5 


agctcbacac bgatcctcte 


aaccttcgat tgcbaagabc 


agaagaaagb 


tgggagttab 


3720 




bagagaaaag ggcattbgga 


aacgagagtrt gccctgatga 


actafctggab 


gtbggtaaag 


3T80 


JO 


aaatagccga aaatxgtaaa 


gggcttcctt bggtggtgga 


tctgattgct 


ggaabeatfcg 


3840 


ctgggaggga aaagaaaaag 


agtwtgtggc ttgaagttgt 


aaataatttg 


cabbccttta 


3900 




ttttgaagaa tgaagbggaa 


gfcgatgaaag tbatagaaab 


aagbbabgac 


cacbbacctg 


3960 


15 


atcacctgaa gccatgcttg 


ctgtaatttg caagtgcgcc 


gaaggactgg 


gtaacgacaa 


4020 




tccatgagtt gaaacttatt 


tggggttttg aaggatttgt 


ggaaaagaca 


gatatgaaga 


4080 




gbctggaaga agbggtgaaa 


atttatttgg atgatttaat 


ttccagbagc 


ttggtaattt 


4140 


gbbfccaabga gabaggtgab 


tacccfcactt gccaactcca 


tgatcttgtg 


catgactttb 


4200 




gcccgataaa agcaagaaag 


gaaaagttgt gtgatcggat 


aagttcaagb 


gctecabeag 


4260 


25 


atttgttgcc acgtcaaatt 


agcattgatt atgatgatga 


tgaagagcac 


bttgggctta 


4320 




abttbgbcet gtbcggttca 


aataagaaaa ggcattccgg 


taaacaccbc 


tatcctttga 


4380 


30 


ecataaabgg agatgagctg 


gacgaccatc ttfcctgatac 


atttcatcta 


agacacbbga 


4440 


ggcttctcag aaccttgcac 


ctggaatcct cttttaccat 


ggtbaaagat 


tcttbgctga 


4500 




atgaaabatg catgttgaat 


cabbbgaggt acttaagcat 


tgggacagaa 


gctaaatctc 


4560 


35 


tgcctttgtc tttctcaaac 


ctctggaabc baga'aabctt 


gtbbgtggab 


aacaaagaat 


4620 




cuaccttgab actattaccg 


agaatttggg atcbbgbaaa 


gttgcaagbg 


cbgtbcacga 


4680 


40 


ctgctngtcc tccctxtgat: 


atggatgcag atgaatcaat 


acbgabagca 


gaggacaeaa 


4740 


agttagagaa cccgacagca 


ttaggggaac tcgtgctttc 


ctattggaaa 


gacacagagg 


H800 




atattttcaa aaggcttccc 


aatcttcaag tgcttcattt 


caaacbcaag 


gagtcatggg 


4860 


45 


attatccaac agagcaatat 


tggtteccga aattggattt 


cctaactgaa 


ctagaaaaac 


4920 




tcactgtaga ttttgaaaga 


tcaaacacaa atgacagtgg 


gtcctctgca 


gccataaacc 


4980 


50 


ggccabggga tttfccacbtt 


ccttcgagtt tgaaaagatt 


gcaactgcab 


gaabttcctc 


50A0 


cgacatccga btcacbatca 


acaatagcga gacfcgctgaa 


ccbtgaagag 


bbgtacctbb 


5100 




atcgtacaat catccatggg 


gaagaatgga acatgggaga 


agaagacacc 


tttgagaabc 


5160 


55 


bcaaatgbct gatgttgagt 


caagtgattc tttccaagtg* 


ggaggttgga 


gaggaatcbt 


5220 




ttcccacgct tgagaaatta 


gaactgtcgg actgtcataa 


tcbtgaggag 


abtecgkcta 


5280 


60 


gttttgggga catttaetcc 


ttgaaaatta tcgaacttgt aaggagccct 


caacbtgaaa 


5340 


attccgcfccb eaagattaag 


gaat^cgccg aagatatgag gggaggggac 


gagcttcaga 


5400 




tccttggcca gaaggatatc 


ccgttattta agtagttttt 


gagcattatg 


gttgaaaagt 


5460 


65 


agabtgcacb tfcgcbgggta 


gab-fegtabab ggbbiagaaa attctgttaci 


ag£t"g£fca"t# 


5520 




aaacabtbbb atttgacttd 


.;*T.*^"* 1 *i:*:r - 

bcfcgagbbfcc tbtbagaaaa cbcagaagbb 


bbbaagaaaa 


5580 


70 


attatagttt ttatggacaa 


aangcggatt tgccfctbggc 


tgtccaacct 


ggtcbgaagb 


5640 


ctcatafcgct cagagcacta 


tcgtbcaacc beaatcaagg tactgattta 


aaatgacabc 


5700 




tatactactt bab'cacaaac 


ccaacgaacb ttcatcbcaa aagcbaggcc 


aggaagtgaa 


5760 
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gaggttgtag agagcttata agcactcatg' acttcctttt ctcgaacate caaccaacgt 5820 

aggctgaaat eccactctga acgaaaataa gtgtttgttx atcaaattaa ctctegtagt 5B8a 

5 

agaacactga aataccttct tctaaacgtt caacaaatgg gatttccagc actcaaagtg 5940 

aatgaaaggt tcacattaat cttcaaaaag aattacgaca attcatgacc acaagtacat 5000 

10 fcgacagcacc atttcaacag aagaacaagt caatgctgca tcctcatcaa taatccgagt 6060 

gtcgaacctc cttcctgaca ctgtcctgta tatgtaaagt ttctcaacag ggcaacttcc 6120 

tggtetcg.ta tctggatgac ccetctcgtc tataacttca acattaagcc ctggcaaqtt 6180 
15 . -. 

. ctggaccaac agcttacatg cttcaaaact taetgaacaa ttagacatcc aaagggatcg 6240 

cattgcctcc agctttgcag cattagccaa cagagcctca tcgccaaagg ggcagtctct 6300 

20 aatctcgaat ttgaaaaaat tgttgtcgta tgactttcct ctgacatccg aegcactatc 6360 

aacaatagca agactggagg ttggagagga atcctfctatt atacaatcat tcagggagaa 6420 

gaatggaaca tgggggagga agacactttfc gagaatctga aatgtgttag agccacaagc 6480 

25 

tacagaagta tcgaatttgt catgaatatc aacactcfctc atactagtta attctttttc $540 

aatttttaat agactctcat tttaatcact aatactcttc tatttgtgac ttcttttctg 6600' 

30 caggtggcaa ctttaaattc ataaagtata ggattgatga caaacccgaa aaatatctxa 6660 

atgaggtgaa gtttgagcag tcagcagatg gtggttccaa ctctaagttg acaagcacat 6720 

actatcccgg agggcgattc caagcctgat gcatacggtt agtgtggcta gagcagacag 6780 

35 

gatgtattac ctggatatct accaagacga atccacaate agttttatgt caagcaatae 6840 

atgaagtaac tcccgataga acagtaaaag caagatgtgt aggtgtatct cgactctaag 6900 . 

40 agattgtaca ttcctctttg agattfcttaq tgctaataca aatttacacc tcagaagcga 6960 

abctagaatt tctagagcat gaatgeaeea ctaatgaaag gagaaaaaag gaagtatgaa 7020 

gtgggaattt oatccfctgtt tctaggtata taaaatttat cattcaacta tactteattt 7080 

45 

agcaaacaac tctctttgcc atfcatttctc/ aaacaagggc Utctaatatc gctaaactaa 7140 

agagtgtcaa aaggtaagtt catctfccaaa cfcctcttgtt tactctatct aaaggggaac 77.00 

50 tatgaaaaac aagaaacatc aggaatgcgc cgtaaacaoa gcagcctcat gcacaaaaca 7260 

tccaacgttg gtaggattaa tggagggatc gcatcccagg aggatactgt agaaaaatta 7320 

gtggcttcfet tcaccgctca aacccatgat ccataggtta catggagaca actttatggc 7380 

55 

tgctcgtagg ctcccgtcaa ttctcataaa ccacaacacc aaagttgcat cagacatcat 7440 

cttcattcac aagctgacaa tctccacaag tatcagtcaa cttgtaatat gaatattagc 7500 

60 caggtagacg tacatattta caaaattgag tttcctatat aacatggttt gaaggaatga 7550 

* aacatgatgg ggagggtaga taaaataata tatgaggcat aaaaacagga aagatatttg 7 620 

tagtgagagg ttttgacnct ttatgetgct tttgaccttc. agtttcttgt attctttttc..- 7680.. - 

«~ • 65 •'• v " "■ : — — • < '" 

r-r; tactgctttc ctcttcttxc tcctgagtaa agctttatgt- aggtactctc tatacgtccg 7740 " . 

atcgtgagaa cttgaaagaa agctctctat agctatgtca ggtgcccaca taaaaaaatg 7S00 

70 aaatattaca aaaaccctga taataaaata cactaatcta agatattcac tgcaacatac 7860 

. atgcaaaata tatatatata aattttcatg aaaattataa caaataatag atgtgaacat 7920 
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ataactttaa aaataatatt aeatccataa agcttaaatt ctagatc 7957 
<210> 5 

5 

<211> 9943 
*2.12> DNA 
10 <213> Solarium bulbocastanum 



15 



20 



40 



45 



50 



55 



60 



65 



<220> 

<221> genomic^DNA^f ragment 
*222> (1)..(9949) 



Sequence of 9949 bp Sau3AI genomic DtfA fragment of S. bulbocastan 
9 Present in P SP3 9-20. ifae genomic fragment har 
oours the Rpi-blb2 gen© including natural elements necessary tor 
expression, linitiation codon (ATG position 1413-1415), the cermi 
25 nation codon (TAG position 5300-5303) 



<220> 

30 <22l> start_eodon 

<222> U413) ... C1415) 



<;223^ Sequence of 9949 bp Sav3Ai genomic DNA fragment of S. bulbocastan 
35 um 2002 BAG ?lbSP39 present in P SP3 9-20. The genomic fragment har 

bours the Rpi-blb2 gene including natural elements necessary for 
expression. linitiation codon (ATG position 1413-1415), the termi 

nation endon fTOf! ~~ c-ann cann i '* " ,u 



nation codon (TAG position 5300-5303) 
<220> 

<221> . stop_codon 
<222> (5300) . . (5303)' 

<223> SQ^meot 9949 bp sau3AI genomic DNA fragment of s. bulbocastan 
Ji", 2002 BAC BlbSM9 present in pSP39-20, The genomic fragment har 

iS 19 Rp iT b ?- b ? gene including natural elements necessary for 
expression. linitiation codon (ATG position 1413-1415) , the term i 
nation codon (TAG position 53D0-S3O3) ' ™ CCr3TU 



<400> 6 

gatctgette aaatgctctg ataccatgta atttcagtga attctaacta aacaatggaa 60 

agaattaact attctagaaa gaotgattga aggagaagaa gagagaaaaa ttctatattg 120 

aactcatgaa ccaaaatgaa tgaaaaaaat aatgagaaga actatactat tacaatctat ISO 

atatctctat ttatattcta atctgaagca gttaatttaa cfcgactcta* caactagact 240 

gataggtgta cafctttctgt'* €agt§cact : &- c^tgctffcEt aactaact§c ttaa'cafcaaa^" ' 300 
- gaatgccgtt egaacttcat tdgaatagct tcaatgagaa' •gbaaaca'tgt gtacctgtaa 

70 taaaagtgct aacaatgaat aaatacgaat a'aa'ceaaata ataaattaaa 420 
aataaaaaca catbeaatta acafctggagg tcttgaaaat cgatggtaat taacaaagac 



360- 



aao 



ccctgtgaaa ttfcaagtctg taattgaaaa tttgagtata ggtcagggga. eatttgacta 540 
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25 



23 

ttttctcatt ttctttatct ttttcctaat ttgtggcaga caagtgagga ggecccactg 600 

taattgattc atgcttttgc tttcttgact ttttggaaca atactatgca ccatacttgg 560 

5 

tcttaattat ccctctgttt atttccagaa tttfcgagctc tatacatcta ataacaaagc 720 

aagcagagga catatagttc catcaactaa aaaggttagt caactcatcfc aatatttgct 780 

10 actctcatct ctattgaagt acagttatgg aaaagtagaa gtgacgtaag aaaaatgaaa 840 

gaactttagfc aggttagttg gatctaacaa agagaaaggg aaataaattg caggagaaag 900 

agagaggtca aatacttact cacaccaccg atttacaaca aabcacttaa ttgtggcuag. 950 
ttaatgtata ccttcacctc attaaattae tacttaccca tgataagttg tattaatttg ■ 1020 

gtattaatat ccggtgcggg tgaattctta ccgggtgaga gggatggggt tggagagfcgt 10BO 

20 ggagtgaaca gaagcagatg ttttagacct tttctaagan gacgaaagac tccccfccact 1140 

aatgaaaata tat tact at a cgctattaga gatagaaagg ttcggtacca gfctggtctcg 1200 

tttccggang aaccccattt tcaeaagtca ttttcttcaa ttcaaatcgc aagtgtacct 1260 

ttatcatctt ccactaacca agtcctctna agttcgcgtg aaaatagtga aattattgat 1320 

tattcttatc atttcatctt ctttctcctg ataaagtttt atgtactttt tatgcancag 1380 

30 gtcttgagaa cttggaaagg aaaagtagaa tcatggaaaa acgaaaagat aatgaagaag Id 40 

caaacaactc attggtatgt tatttgatag agtgaactgt aaagtattga attgtagato. 1500 

tcatgtggct ttaaaaattc ganacgcgtt attttggcag gagteatttt ctgctcttcg 1560 

eaaggatgct gccaatgttc tggatttcct agagagatta aagaacgaag aagatcaaaa 1620 

ggctgttgat gtggacctga fctgaaagcct gaaattgaag ctgacattta tcngtacata 1680 

40 tgtecagctt tcttattecg atttggagaa gtttgaagat ataatgacta gaaaaagaca 1740 

agaggfctgag aatctgcctc aaccaatttc ggacgatgat ggcaaagacg tcgggtgtaa 1800 

atatgtcctt actagcctcg ccggtaatac ggatgactgt ataagcttgc accatcgttc 1850 

caaatcagat gccaccatga tggatgagca attgggcttc ctcctcttga acccctctca 1920 

nctatccaag catcgtgctg aaaagatgtt tcctggagtg actcaatatg aggttctnca 198 0 

50 gaatgtatgt ggcaacataa gaganttcca tggattgata gtgaattgtt gcattaagca 2040 

tgagatggtt gagaatgtct tacctctgtt tcaactgatg gcngagagag taggacgctt 2100 

cctttgggag gatcaggctg atgaagactc fccaactctcc gagctagatg aggetgatca 2160 

55 

gaatgataaa gaccctcaac Ccttcaagct agcacatcta ctcttgaaga ctgttccaac 2220 

tgaattggag gttatgcaca tatgttataa aactttgaaa gcttcaactc caacagaaat 2280 

60 tggacgcttc attaagaagc tcctggaaac ctctccggac attctcagagr aatacctgat 2340 

tcatctacaa gagcatatga taactgttat tacccctaac acttcagggg ctcgaaacat 240G 

tcatgtcats* atggaactcc tattgatnat tctttctgat atgccgccca aggactttat. 2460 
teatcatgac aaactttttg atctcttggc, tcgtgccgta gcacttacca gggaggt ate. .. . 2520 

aactctfcgta cgcgacttgg aagagaaatt aaggattaaa gagagtactg acgaaacaaa 2580 

70 ccgtgcaacc ctaaagtttc eggaaaatat tgaactcctt aaggaagatc tcaaacatgt- -2640 

ttatctgaaa gtcceggatt catctcaata ttgcttcccc atgagtgatg gacctcrctt 2700 



35 



45 
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50 



55 



60 



65 



70 



20030596 
24 

catgcatctg ctacagagac acbbagatga tttgctggat 
tttgabaaag gaacaaattg ggctggtgaa agaagacbtg 
cgcgaatatt gagcaaggat tgtataaaga tctctgggaa 
tgaggcaaaa gatgbcabag abtcaabbat bgttcgagat 
cctctcactt cccatbacca gaaagaagat gabgcttabc 
acabgagaac abtbccaaga acagaggtct catcgttgtg 
tgagagcaag tcattgacaa cbgafcaaaab aattgtaggt 
gatacttaga aagctcacca gtggaccggc agabcbagat 
gccgggfctfca ggbaaaaota abttggcgta aaaagtatao 
ccabbfccgac cttcgtgcat ggtgcacggc cgaccaagta 
ggataaaatt ttcaatcaag bbagbgacbe aaattcaaaa 
tgctgataaa cbacggaaao aabbgbbbgg aaagaggtat 
gtgggatact aatacacggg atgagctaac aagacctttt 
bayaabtabb ttgacaactc gagaaaagaa agttgctttg 
tcctcttaac cttcgattgc taagatcaga agaaagbbgg 
attcggaaac gagagttgcc ctgatgaact atbggabgtb 
ttgtaaaggg cbtcctttgg tggtggatct gattgccgga 
gaaaaagagt gtgtggctbg aagttgtaaa taatttgcat 
agtggaagtg atgaaagtta tagaaataag ttatgaccac 
atgottgctg tactttgcaa gtgcgccgaa ggactgggta 
acttatttgg ggttttgaag gatttgtgga aaagacagat 
ggtgaaaatt tatttggatg atttaattxc cagtagcttg 
aggtgattac c^tacttgco aacttcatga tcbfcgbgcab 
aagaaaggaa aagttgtgtg atcggacaag fcteaagtgct 
tcaaabtagc attgattatg atgatgatga agagcacttt 
cggbbcaaat aagaaaaggc atbccggbaa acacctctat 
tgagctggac gaccatcett ctgatacatt tcatctaaga 
cbbgcaccfcg gaancctctt ttatcatggt taaagatbcb 
gccga&tcat bbgaggbact taagcattgg gacagaagcc 
ctcaaacctc tggaatctag aaatcttgtt bgbggataac 
abtaccgaga atttgggatc tbgbaaagbb gcaagtgctg 
cbbbgatatg gatgcagatg aatcaatacb gabagcagag 
gacagcatta ggggaactcg* bgcb£becta_-bbggaa*gai: 
gctficcpaat Gttcaagtgc bbcabtbcaa actcaaggag 
gcaat at egg titcccgaaat bggatttcct aactgaaeba 
tgaaagacca aacacaaabg acagtgggtc ctcbgcagcc 
bcacbbtccb bcgagtttga aaagattgea attgeatgaa 



+49 621 6021183 
PF54B01 



S. 165/221 



tecaatgett 
gaattcataa 
cgtgttctag 
aatggtcbcb 
aaagaagagg 
aaccctccca 
tttggtgagg 
gbcabfebega, 
aatgacaaat 
tatgacgaga 
bbgagbgaga 
cttattgtct 
ectgabggtra 
catggaaagc 
gagbbatbag 
ggtaaagaaa 
atcaccgctg 
becttnattr. 
btaccbgatc 
acgacaabgg 
atgaagagtc 
gbaatbtgtx 
gacttttgtt 
ccatcagatt 
gggettaatt 
tctbtgaq:ca 
cactbgaggc 
tbgotgaabg 
aaatctctgc 
aaagaatcaa 
bbcacgacbg 
gacacaaagt 
acagaggata* 
bcabgggabb 
gaaaaactca 
ataaategge 
tttccbcbga 



atbcaabbgo 

gatcttttxc 

atgtggcata 

tacatcttat 

nctctgattt 

agaaaccagt 

agacaaaebb 

fccatbggbat 

cagtbtcbag 

agaagttgtt 

abattgabgb 

bagatgacgb 

cgaaaggaag 

tctacactga 

agaaaagggc 

tagecgaaaa 

ggagggaaaa 

cgaagaatga 

acctgaagcc 

atgagbtgaa 

tggaagaagt 

ncaatgagat 

bgabaaaagc 

bgttgcoacg 

txgtactgtc 

taaatggaga 

tbcttagaac 

aaababgcat 

cbtrbgtctTit: 

ccttgatact 

cttgttcttt 

tagagaaebb 

ctttcaaaag-' 

attcaacaga 

ctgbagabtfc 

caegggabbb, 

cabccgattc 



2760 

2880 
2940 
3000 
3060 
3120 
3180 • 
3240 
3300 
3360 
3420 
3480 
3540 
3600 
3660 
3720 
3780 
3B40 
3500 
396Q 
4020 
4080 
4140 
4200 
4260 
4320 
4380 
4440 
4500 
4560 
4620 * 
-''aBSO^" 
\ r 4740^ 
4800 
4860 
. 4920 . 
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actatcaaea 


25 

atagcgagac tgctgaacct fcgaagagttg tacctttatc 


gtacaaccat 


4980 




c 
O 


ccatggggaa 


gaatggaaca tgggagaaga agaaaccttt gagaatctca 


aatgtttgat 


5040 




. gttgagfccaa 


gtgattcttn ccaagtggga ggctggagag gaacctttta 


ccacgcttga 


5100 






gaaafctagaa 


cfcgtcggact gtcataatet tgaggagatt ccgtctagct 


ttggggatac 


51$0 




10 


ttattccttg 


aaaattatcg aacttgtaag gagccctcaa cttgaaaafct 


ccgccctcaa 


5220 






gattaaggaa 


tatgctgaag atatgagggg aggggacgag cttcagatcc 


ttggccagaa 


5290 




. ID 


ggatatcccg 


ttatttaagt agtttttgag cattatgget gaaaagtaga 


ttgcacttfcg 


5340 




ctgggtagat 


tgtatatggt taagaaaatt ctgttacagt tgttatgaaa 


cattcttatrc 


5400 






tgactcttct 


gagtttcttt tagaaaactc agaagfctttt aacaaaaatt 


atagttttta 


5/16D 




20 


taaatacaat 


gtggatttgc ctttggctgt ccaacttggt ctgaagtctc 


atatgctcag 


5520 






agcactatcg 


tccaacctca atcaaggtac tgatttaaaa tgacatctat 


actactttat 


5580 




25 


cacaaaccca 


acgaactttc atctcaaaag ctaggecagg aagtgaagag 


gttgtagaga 


5640 




gcttataagc 


aptcargact tccttttctc gaacattcaa ccaacgtagg 


ctgaaatccc 


S700 






actccgaaeg 


aaaataagtg ' tttgtctatc aaatta&ctc tcgtagtaga 


a^actgaaat 


5760 




30 


acctfccttct 


aaacgctcaa caaatgggat ctccagcact caaagcgaat 


gaaaggttca 


5820 






cattaatctfc 


caaaaagaat tacgacaatt catgaccaca agtacattga 


cagcaccacc 


5880 




35 


ccaacagaag 


aacaagtcaa tgctgcatct tcatcaataa tccgagtgtc 


gaaccCCCLt 


5940 




cctgacaccg 


tcctgtatat gtaaagettc tcaacagggc aactttctgg 


tctcgtatct 


6000 






ggatgacccc 


tctcgcctat aacttcaaca ttaagccctg gcaacttctg 


gaccaacagc 


60SQ 




40 


ttacatgctfc 


caaaacttac tgaacaatta gacatccaaa gggatcgcat 


cgcctccagc 


6120 






ttfcgcagcat 


cagccaacag agcctcatcg ccaaaggggc agtctctaat 


ctcgaatttg 


6180 




45 


aaaaaattgt 


tgtxgtacga ctttccticcg acatccgatg cactatcaac 


aatagcaaga 


6240 




cfcggaggttg 


gagaggaatc ctttactata caatcatcca gggagaagaa 


tggaacatgg 


6300 






ggrgaggaaga 


cacttttgag aatctgaaat gtgttagagc cacaagctac 


agaagcaccg 


6360 




50 


aatttgtcat; 


gaatatcaac attcxteatc ctagttaatt cttttbcaat 


tttcaataga 


6420 






ctctcatttt 


aaccaccaat attcttctae ttgtgaattc ttttctgcag 


gbggcaactt 


6480 




55 


tafcafctcata 


aagtatagga ttgacgacaa actcgaaaaa' catcttaatg 


aggtgaagtt 


5540 




tgageagtca 


gcagatggtg gttccaactc taagttgaca agcacatact 


accccggagg 


6600 






gcgatttcaa 


gcctgatgca tatggtcagt gtggctagag cagacaggat 


gtattacctg 


6660 




60 


gatafcctacc 


aagacgaatc cacaatcagt tttatgtcaa gcaanacatg 


aagtaactcc 


6720 






cgatagaaca 


gtaaaagcaa gatgtgtagg tgtatctcga crctaagaga 


ttgtacattc 


5780 




AST 

.-•65- 


ctctttigaga tttttactgc taatacaaat ttacacctca gaagcgaatc t&gaatttct. 
agagcatgaa tgcaccacca atgaaaggag aaaaaaggaa gtatgaagtg ggaatfctgat 


5840 . 
6900 






ccttgtttct aggtatataa aatttatcan tcaactatac tccatttaga 


aaacaactct 


6960 




70 


ctttgccatc.atttctcaaa caagggcttc taatattgct aaactaaaga 


ccgtcaaaag 


7020 






gtaagttcat cctcaaactc "ccttgtttao tttatctaaa ggggaactat 


gaaaaacaag 


7080. 
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aaacatcagg aatgtcccgt aaaeaaagea gcctcatgca 


caaaacatcc 


aacgttggta 


7140 




ggatbaatgg agggatcgca ccccaggagg atactgtaga 


aaaattegtg 


gcttctttca 


7?.QQ 


5 


ccgctcaaac ccabgatcta baggttacab ggagacaact 


ttabggttgc 


bcgbaggcbc 


7260 




ccgbcaattc tcataaacca caacaccaaa gttgcatcag 


acatcatctt 


cabbcacaag 


7320 


10 


ctgacaatct ccacaagtct cagtcaactt gtaatacgaa 


cacragccag 


gtagacgtac 


7380 


abatbbacaa aafcbgagbtb cctabataab atggtfctgaa 


ggaabgaaac 


atgaugagga 


7440 




gggbagabaa aataatatab gaggcabaaa aataggaaag 


atatttgbag 


tgagaggttb 


7500 


15 


tgacttttta bgfctgctfctt gatctbcagt btettgbafct 


ebttttcbac 


bgcbbbccbc . 


7560 




tbctttatcc tgagtaaagt btbabgtagg tactbfcbtat 


acgtecgatc 


gtgagaactt 


7620 


20 


gaaagaaagc tctctatagc tacgttaggt gcccacataa 


aaaaatgaaa 


tattacaaaa 


76R0 


accctgataa baaaabacac taabcbaaga fcabbcaebgc 


aacabacatg 


caaaatatafc 


7740 




atatataaat tttcatgaaa actataacaa ataatagatg 


tgaacacata 


actttaaaaa 


7B00 


25 


taatattaca tccataaagc ttaaattcta gatccatcta 


tgcctgtatg 


a t gear age n 


7860 




cagaatatct ccabcaagtg ttaaacfcaca batttcatxc 


aaactcatat 


agaa&acgab 


7920 


30 


aattaaggtg aaaactttta taaagabatc gtgtggbtgt 


gtgagtgagg 


tgacaaaatei 


7980 


agttgtgtga ttattcaaaa agbbttaata acgaaaatcc 


acabgcbbga 


attaattgaa 


8040 




gcartaatgt tgtaacgaaa aatattacat ttattgagbt 


acbgbgaugt: 


rttaactgac 


8100 


35 


atataaaaba atattggtat ttctcttcat ctgcgacata 


atatgtttut 


tcatcttbtt 


8160 




bcaatabaca aaatagaatt abbatbbbgb tgcatctttt 


taagtacaaa 


ttattcatat 


8220 


40 


gtatatagta caaaataaaa tabbtactgt ggtaaagtaa 


atiggaataag 


aggbcababb 


6290 


tgaaataaca atacactata ctatgbbaaa gtatttccta 


tagtcaaaat 


ttebctagag 


8340 




tacbegatbc tacatacaaa tactaatttc gtaaaaaaat 


taaUabbgaa 


bbbcttcabt 


8^00 


45 


gtttctttat tattaaatta gtttataata actaaactaa 


ggtaataaga 


ccttagbbba 


8460 




gttaatgtgt gtctctgtga tttcgbbeab agtctaaggg 


bgbactbgbg 


ccttatccca 


8520 


50 


aaaatgaagg aatatcaaaa gatatattaa aattaaatta 


aatatttgga 


ggttatgaac 


8580 


ataaaaagta tcagagttct acatataaag agbaacaabt 


gaaataatta 


attaaatatg 


8640 




agatatgaag gcggacattt aaagaaaata ataaataaat 


aaatbaaagg 


gi:ataaattt 


8700 


55 


cabaabacat aabaccaata agccgtagaa babcbccgtc 


ataatgeaba 


aactaataaa 


8760 




bcacaaatgb ataactcaca tacaaatatt ttttgataaa 


gaattbgaat 


gttgtaatag 


8820 


60 


aabggagaab aacbtgtgba ttattccatt atgtaagacg 


tataaataca 


aatacaatga 


8880 


gctetaatta attaaggaaa cbaaabaagg aaggaatcaa 


aaaatattat 


gteatatccc 


B940 




bacababctg ctagagattc tatcatatcc bbacanatct 


gttaagctab 


gbctacaccb 


9000 


.65 


aaaggtgbcb acaatcattt tgxaacactc* cccctcaagt 


tagagcacag 


atattatbe-a — 


9060* 




bbcccaacbb gttacaaaga taatcaactc gagttccattf caacgcbbtit 


gtgaacaaas 


9120 


70 


caaccagttg ctctcccgtc cteactfcago tagbggabab 


caggttttea 


bgaafccbbcb 


9180 


cacgaabaaa abgacagtca accteaatab gtttagttct ttcatgagac 


aceggattea 


9240 




aggrcaatatg gagcgcaaet bgabbabcab actagagbtt "tgabggbata 


bgatgettea 


9300 



ll-FIUG-2003 19:52 BASF AG GUX C1B0 

Agrico B.V, 20030596 



+49 621 6021183 S. 168/-221 

PF 54801 



27 



10 



15 



20 



accccatttc 


tgttaaaaga 


taatgtatcc 


acatgatctc 


acccatagac 


tgtaacataa 


9360 


ctctgtacfct 


tgattctgca 


ctagatcaag 


atacaacatt 


ttgctttfcta 


ctcctccatg 


9420 


ataccaggtt 


tcatccaaca 


aagacacaat 


aaettgtagt 


agatcttcta 


tcaattttcg 


948D 


atccagccca 


atcgacatct 


gcaaaacact 


caa cat gage 


atggtcgcga 


ttttgatact 


9540 


atattccaag 


actaggagtt 


ttcttcaagt 


aacatagaat 


atgttccaaa 


gctgcccagt 


9600 


gtttgacgta 


ggtgcaaaca 


tgaactagct 


aacaacactt 


actgeaaaag 


caatafceaag 


9660 


atgagteaca 


ataaggtagt 


ttaactttca 


aactaacctt 


ttgtatctct 


atggatcatt 


9720 


aaaaggatcg 


tcgtcatctc 


tcataagatg 


catattggga. 


accattggag. 


aacttcaggg 


9780 


tttggctgcc 


a tct tec aat 


tttctgcaag 


tagatcgaga 


gaatatattc 


r.cr.aagacaa 


9840 


aagaattccc 


tttttgtttc 


tatttacttc 


tactcccaaa 


atgtatttca 


attgaccc&a 


9900 


gtccttcgta 


tgaaaccaag 


tatgcaggaa 


agacttgagg 


gaagagatc 




9949 



25 



30 



<210> 7 

<211> 3768 

<212> PNA 

<213s> Lycopersicon lycopersicum 



35 



40 



<220> 

«;221;> CDS 

<222> (1) . . (3768) 

<223> Mil.l from tomato 



45 <;400;> 7 

atg gaa aaa cga aaa gat aat gaa gaa gca aao. aac tea-, tfcg. gtg-.cta^- 
" Met Glu Lys Arg Lys Asp Asn Olu Glu Ala Asn Asn Ser Leu Val Leu 
1 5 10 15 

50 ttt tct get ctt age aag gac att gec gat gtt ctg gtt etc eta gag 
Phe Ser Ala Leu Ser Lys Asp lie Ala Asp val Leu Val Phe Leu Glu 
20 25 30 

aat gag gaa aac caa aaa get ctt gac aaa gat caa gtt gaa aag ata 
55 Asn Glu Glu Asn Gin Lys Ala Leu Asp Lys Asp Gin Val Glu Lys lie. 
35 40 45 



60 



65 



96 



aaa ttg aaa atg gca ttt att tgt aca tat gtt cag ctt tct tgt tec 
Lys Leu Lys Met Ala Phe lie Cys Thr Tyr val Gin Leu Ser Cye Ser 
50 55 60 

gat ttt gag cag ttt gaa gat ata atg act aga aaa aga caa gag gtt 
Asp Phe Glu Gin Phe Glu Aep lie Met Thr Arg Lys Arg Gin Glu Val 
65 70 75 80 

gag aa£~"ctg"ctt. cacTeea ctt ttg gat 'gat gat~gtc'ttt act age etc 
Glu Asn Leu. Levi 'Gin Pro. .Leu Leu' Asp Asp ;ftsp val Phe Thr Ser Leu. 

85 90 95 



70 acc agt aat atg gat gac tgt ate age ttg tat cat cgt tct tat aaa 
Thr Ser Asn Met App Asp Cys lie' Ser Leu Tyr His Arg Ser Tyr Lys 
100 • 105 " 110 



144 



192 



240 



288. . ; 



336 
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tea gac gec ate atg atg gat gag caa ttg gac ttc etc etc ttg aat 384 
ser Asp Ala lie Met Met Asp Glu Gin Leu Asp Phe Leu Leu Leu Asn 
115 120 125 

5 etc tat eat eta tec aag cat cac get gaa aag ata ttt cct gga gtg 432 
Leu Tyr His Leu ser Lys His His Ala Glu Lys lie Phe Pro Gly Val 
13 0 135 140 

act caa tat gaa gtt ctt cag aat ata tgt gge aac ata aga gac ttc 480 
10 Thr Gin Tyr Glu val Leu Gin Asn lie Cys Cly Asn lie Arg Asp Phe 
145 150 155 160 

cat ggg ttg ata gtg aat ggt tgc att aag cat gag atg gtt gag aat b28 
His Gly Leu He Val Asn Gly Cys lie Lys His Glu Met Val Glu Asn 
15 155 170 175 



20 



AO 



60 



gtc ttr cct ctg ttt caa etc atg get gac aga gta gga cac ttc ctt 576 

val Xaa Pro Leu Ptie Gin Leu Met Ala Asp Arg Val Gly His Phe Leu 
160 1B5 190 

tgg gat gat cag act gat gaa gac tct cga etc tec gag eta gat gag 624 

Trp Asp Asp Gin Thr Asp Glu Asp Ser Arg Leu Ser Glu Leu Asp Glu 
195 200 205 



25 gat gaa caa aat gat aga gac tct cga ctt tec aag eta gca cat eta 672 

Asp Glu Gin Asn Asp Arg Asp Ser Arg Leu Phe Lys Leu Ala His Leu 
210 215 220 

etc ttg aag ate get ccg gtt gaa etg gag gtt ata cac ata tgt tat 720 

30 Leu Leu Lys He Val Pro Val Glu Leu Glu Val lie His lie Cys Tyr 

225 230 235 240 

aca aac ttg aaa get tea act tea get gaa gtt gga etc ttc att aag 768 

Thr Asn Leu Lys Ala Ser Thr Ser Ala Glu val Gly Lou Phe lie Lys 
35 245 250 255 

cag ctt eta gaa acc tct cca gat att ctg agg gaa tat eta att cct 816 

Gin Leu Leu Glu Thr Ser Pro Asp He Leu Arg Glu Tyr Leu He Pro 
260 265 270 



ctg caa gag cac atg gta act gtt att acc cct age act tea ggg get 864 
Leu Gin Glu His Met Val Tor Val He Thr Pro Ser Thr Ser Gly Ala 
275 280 285 



45 cga aac att cat gtc atg atg gaa ttc eta tta ctt att ctt tct gat 912 
Arg Asn He His Val Met Met Glu Phe Leu Leu Leu He Leu Ser Asp 
290 295 300 

atg ccc aag gac ttt att cat cat gac aaa ctt ttt gat etc ttg gat 960 
50 Met Pro Lys Asp Phe He His His Asp Lys Leu Pho Asp Leu Leu Asp 
305 310 315 320 

cgt gtc gga gta ctt acc agg gag gta tea act ctt gta cgt gac ttg 1008 
Arg Val Gly Val Leu Thr Arg Glu Val Ser Thr Leu Val Arg Asp Leu 
55 325 330 335 

gaa gag gaa cca agg aat aaa gag ggt aat aac caa aca aat tgt gca 1056 
Glu Glu Glu Pro Arg Asn Lys Glu Gly Asn Asn Gin Thr Asn Cys Ala 
340 345 350 



acc eta gac ttg ctg gaa aat att gaa etc etc aag aaa gat etc aaa 1104 
Thr Leu Asp Leu Leu Glu Asn He Glu Leu Leu Lys Lys Asp Leu Lys 
355 360 365 



65 ■ cat gtt tat ctg aaa gec ctg gat tea tct caa tgt tgc ttc ccc atg 1152 
His Val Tyr Leu Lys Ala Leu Asp Ser Ser Gin cys cys Phe Pro Met 
370 375 380 

agt gat gga cca etc ttc atg cat etc cca cac ata cac tta aat gat 1200 
70 Ser Asp Gly Pro Leu Phe Met His Leu Leu His He His Leu Asn Asp 
385 390 • 395 400 

ttg tta gat tct aat get tat tea att get ttg ata aag gaa gaa ate 1248 
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Leu Leu Asp Ser Asn Ala Tyr fler He Ala Leu He Lys Glu Glu Ilo 
405 410 415 

srag ctg gtg aag caa gac ctg aaa ttc ata aga tea ttc ttt gtg gat 129 & 

0 Glu Leu Val Lys Gin Asp Leu Lys Phe He Arg ser Phe Phe Val Asp 
420 425 430 

get gag caa gga ttg tat aaa gat ate tgg gca cgt gtt eta gac gtg 1344 

Ala Glu Gin Gly Leu Tyr Lys Asp Leu Trp Ala Arg Val Leu Asp Val 

10 435 440 443 



15 



get tat gag gca aaa gat gtc ata gat tea ate att gtt cga gat aat 1392 
Ala Tyr Glu Ala Lye Asp val lie Asp ser He He Val Arg Asp Asn 
450 455 460 

.ggt. etc. tta cat ctt att ttc. tea ctt ccc att. aec. ata aag aag ate 1440 
Gly Leu Leu His Leu . He Phe Ser Leu Pro He Thr He Lys Lys He 
465 470 475 ~ 480 

20 aaa ctt ate aaa gaa gag ate tet get tta gat gag aac att ccc aag 1488 
Lys Leu He Lys Glu Glu lie Ser Ala Leu Asp Clu Asn He Pre Lys 
4B5 490 495 

gac aga ggt eta ate gtt gtg aac tct ccc aag aaa cca gtt gag aga 1536 
25 Asp Arg Gly Leu He Val Val Asn Ser Pro Lys Lys Pro Val Glu Arc 
500 505 510 

aag tea ttg aca act gat aaa ata act gta ggt ttt gag gag gaa aca 1584 
Lys Ser Leu Thr. Thr Asp Lys He Thr Val Gly Phe Glu. Glu Glu Thr 
ou 515 520 525 

aac ttg ata ctt aga aag etc acc agt gga teg gca gat eta gat gtc 1632 
Asn Leu He Leu Arg Lys Leu Thr Ser Gly Ser Ala Asp Leu Asp Val 
g 5 530 535 540 

« cg 5? c SP t g ? fc atg CCff ggt tca srsrc aaa act act ttg gca tac 168 0 
He Ser He Thr Gly Met Pro Gly Ser Gly Lys Thr Thr Leu Ala Tyr 
545 550 555 5 -§ 0 

40 aaa gta tac aat gat aag tca gtt tct age cgt ttc gac ctt cgt gca 172S 
Lys val Tyr Asn Asp Lys Ser val Ser Ser Arg Phe Asp Leu Arg Ala 
565 570 575 

45 S C ? f aC S? a %f a * gt gac 9 ?V aag **9 ttg ttg aat aca 1776 

45 Trp Cys Thr Val Asp Gin Gly Cys Asp Glu Lys Lys Leu Leu Asn Thr 
530 S8S 590 



55 



60 



252 22 SE Z£ 2S* ? a S £25 ?55 S« aaa |£ 

605 



lie Phe ser Gin Val ser Asp Ser Asp Ser Lys Leu sir Glu Asn ill 
OU 595 600 



gat gtt get gat aaa tta egg aaa caa ctg ttt gga aag agg tat ctt 

p Y a « Ala Asp Lys Leu Lys Gin Leu Phe Gly Lys Arg Tyr Leu 
610 615 620 

?i - 5*? r t& ? at ' P C gt ? tgg gat act act * ca 9at gag tta aca 

He val Leu Asp Asp val Trp Asp Thr Thr Thr Trp Asp Glu Leu Thr 

" 5 630 635 640 

aga cct ttt cct gaa tct aag aaa gga agt agg att att tta aca act 

Arg Pro Phe Pro Glu Ser Lys Lys Gly sir Arg He SJ Leu *nr Thr 
645 650 655 



gac ctt cga ttg eta aga cca gat gaa agt tgg gaa eta tta gag aaa 
A S p Leu. Arg Leu Leu Arg P ro Asp Glu Ser Txp 5m von Leu SlS Ly* 

' u 675 eao $as 



1824 



1872 



1920 



1968 



egg gaa aag gaa gtg get ttg cat gga aag ctg aac act oat cct ctt onu 
65 . Arg Glu Lys Glu Val Ala Leu His Gly LyI Leu Asn Star lap Sro Leu 
66Q 665 • 670 



2064 



agg gca ttt ggg aat gag agt tgc cct gat gaa eta tta gat gtc act 2112 
Arg Ala Phe Gly Asn Glu Ser Cys Pro Asp Glu Leu Leu Asp Val Gly 
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10 



30 



50 



70 



30 

690 '695 700 

aaa gaa ata gee gaa aat tgt aaa ggg ctt cct ttg gtg get gat ctg * Zl$o 
Lys Glu He Ala Glu Asn Cys Lys Gly Leu Pro Leu VaL Ala Asp Leu 
7Q5 710 715 720 

att get gga gtc att get ggg agg gaa aag aaa agg agt gtg tgg ctt 2208 
He Ala Gly val lie Ala Gly Arg Glu Lys Lys Arg Ser val Trp Leu 
725 730 735 

gaa gtt caa agt agt ttg agt tct ttt att ttg aaa agt gaa gtg gaa 225S 
Glu val Gin ser Ser Leu Ser Ser Phe He Leu Asn Ser Glu Val Glu 
740 745 750 



15 gtg acg aaa get ata gaa tta agt tat gac cat tta cca cat cac etc 2304 
Val Met Lys Val He Glu Leu Ser Tyr Asp His Leu Pro His His Leu 
755 760 765 

aag cca tgc ttg ctg tat ttt gca agt ttt ccg aag gac act tea ttg 2352 
20 Lys Pro Cys Leu Leu Tyr Phe Ala Ser Phe Pro Lys Asp Thr Ser Leu 
770 775 780 

aca ate tat gag ttg aat gtt tat ttc ggt gcc gaa gga ttt gtg gga 2400 
Thr He Tyr Glu Leu Asn Val Tyr Phe Gly Ala Glu Gly Phe Val Gly 
25 785 790 795 800 

aag acg gag atg aac agt atg gaa gaa gtg gtg aag att tat atg gat 2448 
Lys Tar Glu Met Asn ser wet Glu Glu Val Val Lys He Tyr Met Asp 
• 805 810 81b 



gat tta att tac agt age ttg gta att tgt ttc aac gag aca ggt tat 2496 
Asp Leu He Tyr Ser Ser Leu Val He Cys Phe Asn Glu He Gly 'Vyv 
820 825 830 



35 gca ctg aat ttc caa att cat gat ctt gtg cat gac ttt tgt ttg ata 2544 

Ala Leu Asn Phe Gin lie His Asp Leu Val His Asp Phe Cys Leu He 

835 840 845 

aaa gca aga aag gaa aat ttg ttt gat cag ata aga tea agt get cca 2592 

40 Lys Ala Arg Itfs Glu Asn Leu Phe Asp Gin He Arg Ser Ser Ala Pro 
850 B55 860 

tea gat ttg ttg cct cgt caa att acc att gat tgt gat gag gag gag 2640 

Ser Asp Leu Leu Pro Arg Gin He Thr He Asp Cys Asp Glu Glu Glu 
45 865 870 875 880 

cac ttt ggg etc aat ttt gte atg ttc gat tea aat aag aaa agg cat 2688 

His Phe Gly Leu Asn Phe Val Met Phe Asp Ser Asn Lys Lys Arg His 
885 89D 895 



tct ggt aaa cac etc tat tct ttg agg ata att gga gac cag ctg gat 2736 
Ser Gly Lys His Leu Tyr Ser Leu Arg He He Gly Asp Gin Leu Asp 
900 905 910 



55 gac agt gtt tec gat gca ttt cac eta aga cac ttg agg ctt ctt aga 2784 
Asp Ser Val Ser Asp Ala Phe His Leu Arg His Leu Arg Leu Leu Arg 
915 920 * 925 

gtg ttg gac ctg cat acg tct ttt ate atg gtg aaa gat tct ttg ctg 2832 
60 Val Leu Asp Leu His Thr Ser Phe He Met val Lys Asp Ser Leu Leu 
930 935 940 

aat gaa ata tgc acg ttg aat cat ttg agg tac tta tec att gac aca 2880 
Asn Glu He Cys Met Leu Asn Hie Leu Arg Tyr Leu Ser He Asp Thr 
65 945 950 955 960 

caa gtt aaa tat ctg cct ttg tct ttc tea aac etc tgg aat eta gaa 2928 
Gin Val Lys Tyr Leu Pro Leu Ser Phe Ser Asn Leu Trp Asn Leu Glu 
965 970 975 



age ctg ttt gtg tct acc aac aga tea ate ttg gta eta tta ccg aga 2976 
Ser Leu Phe Val Ser Thr Asn Arg Ser He Leu Val Leu Leu Pro Arg 
980 985 990 
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31 

act: ttg gat ctt gta aag teg cga gtg ctg tec gtg gat get tgt tct 3024 
He lieu Asp Leu Val Lys Leu Arg Val Leu Ser val Asp Ala cys Ser 
995 1000 100S 

5 

ttc ttt gat atg gat gca gat gaa tea ata ttg ata gca gag gac 3069 
Phe Phe Asp Met Asp Ala Asp Glu Ser lie Leu He Ala Glu Asp 
1010 1015 1020 

10 aca aag tta gag aac teg aga ata tta acg gaa ctg ttg att tec 3114 
Thr Lys Leu Glu Asn Leu Arg lie Leu Thr Clu Leu Leu lie Ser 
1025 1030 1035 

tat teg . aaa gat . aca aag aat . atjt etc aaa agg ttt ccc aat^ett . _315? 

15 Tyr ser Lys Asp Thr Lys Asn He Phe Lys Arg Phe Pro Asn Leu 
1040 1045 1050 



20 



25 



cag ttg ctt tea ttt gaa etc aag gag tea tgg gat tat tea aca 

Gin Leu Leu Ser Phe Glu Leu Lys Glu Ser Trp Asp Tyr Ser •Thr 
1055 1060 1065 

gag caa eat tgg ttc teg gaa ttg gat ttc eta act gaa eta gaa 

Glu Gin His Trp Phe Ser Glu Leu Asp Phe Leu Thr Glu Leu Glu 
1070 1075 1080 

aca etc tot gta ggt ttt aaa agt tea aac aca aac gat agt ggg 

Thr Leu- Ser Val Gly Phe Lys Ser Ser Asn. Thr Asn- Asp. Ser Gly 
1085 1090 1095 



3204 



3249 



3294 



30 



tec tct gta gcg aca aat egg 
Ser Ser val Ala Thr Asn Arg 
1100 1105 



ccg tgg gat ttt cac 
Pro Trp Asp Phe His 
1110 



ttc cat tea 
Phe Pro ser 



3339 



aat ttg aaa ata ctg tgg ttg cgt gaa ttt ccg ctg aca tec gat 
35 Asn Leu Lys Il<3 Leu Trp Leu Arg Glu Phe Pro Leu Thr Ser Asp 
1115 1120 1125 



3384 



40 



tea eta tea aca ata gcg aga ctg ccc aac ctt gaa gag ttg tec 
Ser Leu Ser Thr He Ala Arg Leu Pro Asn Leu Glu Glu Leu ser 
1130 1135 114D 



3429 



45 



50 



ctt tat cat aea ate ate cat gga gaa gaa tgg aac atg ggg gag 
Leu Tyr His Thr He He His Gly Glu Glu Trp Asn Met Gly Glu 
1145 1150 1155 

gaa gac acc ttt gag aat etc aaa ttt ttg aac ttc aat caa gtt 
Glu Asp Thr Phe Glu Asn Leu Lys Phe Leu Asn Phe Asn Gin Val 
1160 lies 1170 

agt att ecc aag tgg gag gtt gga gag gaa tec ttc ccc aat etc 
ser He ser Lys Trp Glu Val Gly Glu Glu Scr Phe Pro Asn Leu 
1175 1180 H85 



3474 



3519 



3564 



gag aaa tta aaa ctg egg gga tgt cat aag eta gag gag att cca 
55 Glu Lys Leu Lys Leu Arg Gly Cys His Lys Leu Glu Glu xle Pro 
1190 1195 1200 



3609 



60 



65 



70 



cct agt ttt gga gat att tat tea ttg aaa tct ate aaa att gta 

Pro Ser Phe* Gly Asp He T*yr Ser Leu Lys Ser He Lys He Val 

1205 1210 - 1215 

aag agt cct caa ctt gaa gat tct get etc aaa att aag gaa cac 

Lys Ser Pro Gin Leu Glu Asp Ser Ala Leu Lys He Lys Glu Tyr 

1220 1225 1230 

get gaa gat atg agg gga ggg gac gag ctt cag ate cct ggc caa 

Ala Glu Asp Met Arg Gly Gly Asp Glu Leu Gin He Leu Gly Gin 

1235 1240 1245 



aag aat ate ccc tta ttt aag 
Lys Asn He Pro Leu Phe Lys 
1250 1255 



tag 



3654 



3699 



3744 



3768 
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10 



15 



25 



40 



45 



60 



65 



32 



<210> B 

<211> 1255 

*212> FRT 

^213?- Lycopersicoa lycopersicum 



<220> 

<221> misc_feature 

<222> (178) P , (178) 

<223> The 'Xaa r at location 178 stands for Leu. 

20 <d00> 8 



Met Glu Lys Arg Lys Asp Asn Glu Glu Ala Asn Asn Ser Leu val Leu 

15 10 15 

Phe Ser Ala Leu Ser Lys Asp He Ala Asp Val Leu Val Phe Leu Glu 
2D " 25 30 



30 Asn Glu Glu Asn Gin Lys Ala Leu Asp Lys Asp Gin Val Glu Lys He 
35 40 45 

Lys Leu Lys Met Ala Phe He Cys Tnr Tyr val Gin Leu ser Cys ser 

35 50 55 ~ 60 



Asp Fhe Glu Gin Phe Glu Asp He Met Tttir Arg Lys Arg Gin Glu Val 

65 70 75 80 

Glu Asn Leu Leu Gin Pro Leu Leu Asp Asp Asp Val Phe Thr Ser Leu 
85 90 " 95 

Thr Ser Asn Met Asp Asp Cy3 He Ser Leu Tyr His Arg Ser Tyr Lys 
100 105 110 



50 Ser Asp Ala He Met Met Asp Glu Gin Leu Asp Phe Leu Leu Leu Asn 
115 120 125 * 

Leu Tyr His Leu Ser Lys His His Ala Glu Lys He Phe Pro Gly Val 
55 130 135 140 



Thr Gin Tyr Glu Val Leu Gin Asn Xle Cys Gly Asn Ho Arg Asp Phe 
145 150 155 ~ 160. 

His Gly Leu He Val Asn Gly Cys He Lys His Glu Met Val Glu Asn 
165 170 175 

» 

Val Xaa Pro Leu Phe Gin Leu Met Ala Asp Arg val Gly His Phe Leu 
180 185 190 



70 



Trp Asp Asp Gin Thr Asp Glu Asp Ser Arg Leu Ser Glu Leu Asp Glu 
195 200 205 
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Asp Glu Gin Asn Asp Arg Asp ser Arg Leu Phe Lys Leu Ala. His Leu 
210 215 220 

5 Leu Leu Lys lie Val Pro Val Glu Leu Glu Val lie His lie Cys Tyr 
225 230 235 240 

Thr Asn Leu Lys Ala Ser Thr Ser Ala Glu Val Gly Leu Phe lie Lys 
10 245 250 255 



15 



20 



35 



40 



55 



50 



Gin Leu Leu Glu Thr Ser Pro Asp He Leu Arg Glu Tyr Leu He Pro 

260 265--- -270. . 

Leu Gin Glu His Met Val Thr Val lie Thr Pro Ser Thr ser Gly Ala 
275 280 285 

Arg Asn He His Val Met Met Glu Phe Leu Leu Leu He Leu Ser Asp 
230 295 300 



25 Met: Pro Lys Asp Phe He His His Asp Lys Leu Phe Asp Leu Leu Asp 
305 310 315 320 

Arg Val Gly Val Leu Thr Arg Glu Val Ser Thr Leu Val Arg Asp Leu 
30 325 330 . . 333 



.Glu' Glu Glu Pro Arg Asn Lys Glu Gly Asn Asn Gin Thr Asn Cys Ala 
340 345 350 

Thr Leu Asp Leu Leu Glu Asn He Glu Leu Leu Lys Lys Asp Leu Lys 
355 360 365 

His Val Tyr Leu Lys Ala Leu Asp Ser Ser Gin Cys Cys Phe Pro Met 
370 375 380 



45 Ser Asp Gly Pro Leu Ph<s Met His Leu Leu His He His Leu Asn Asp 
385 390 395 400 

Leu Leu Asp Ser Asn Ala Tyr Ser He Ala Leu He Lys Glu Glu He 
50 405 410 415 



Glu Leu val Lye Gin Asp Leu Lys Phe He Arg Ser Phe phe Val Asp 
420 425 fl30 

Ala Glu Gin Gly Leu Tyr Lys Asp Leu Trp Ala Arg Val Leu Asp Val 
435 440 445 

Ala Tyr Glu Ala Lys Asp Val He Asp Ser He He Val Arg Asp Asn 
450 455 4S0 



65 Gly Leu Leu His Leu He Phe Ser Leu Pro He Thr He Lys Lys He 

465 470 475 480 

Lys Leu II Q Lye Glu Glu lie Sor Ala Leu Asp Glu Asn He Pro Lyrs 

70 485 490 495 

Asp Arg Gly Leu He Val Val Asn Ser Pro Lys Lys Pro Val Glu Arg 
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500 505 510 

Lys Ser Leu Thr Thr Asp Lys lie Thr Val Gly Phe Glu Glu Glu Thr 
S 515 520 525 



10 



15 



30 



35 



50 



55 



Asn Leu lie Leu Arg Lys Leu Thr Ser Gly ser Ala Asp Leu Asp Val 
530 535 540 

He Ser He Thr Gly Met Pro Gly Ser Gly Lyo Thr Thr Leu Ala 1»yr 
545 550 555 560 

Lys val Tyr Asn Asp Lys ser Val Ser Ser Arg Phe Asp Leu Arg Ala 
565 570 575 



20 Trp Cys Thr Val Asp Gin Gly Cys Asp Glu Lys Lye Leu Leu Asn Thr 
380 585 590 

lie Phe Ser Gin Val ser Asp Ser Asp Ser Lys Leu Ser Glu Asn lie 
25 595 600 605 



Asp Val Ala Asp Lys Leu Arg Lys Gin Leu Phe Gly Lys Arg Tyr Leu 
610 615 620 

lie val Leu Asp Asp Val Trp Asp Thr Thr Thr Trp Asp Glu Leu Thr 
£25 630 ' 635 640 

Arg Pro Phe Pro Glu Ser Lys Lys Gly Ser Arg He He Leu Thr Thr 
645 650 655 



40 Arg Glu Lys Glu Val Ala Leu His Gly Lys Leu Asn Thr Asp Pro Leu 
660 665 670 

Asp Leu Arg Leu Leu Arg Pro Asp Glu Ser Trp Glu Leu Leu Glu Lys 
45 675 660 685 



Arg Ala Phe Gly Asn Glu Ser Cys Pro Asp Glu Leu Leu ASP Val Gly 
690 695 700 

Lys Glu lie Ala Glu Asn Cys Lys Gly Leu Pro Leu Val Ala Asp Leu 
705 710 715 720 

He Ala Gly Val He Ala Gly Arg Glu Lys Lys Arg Ser Val Trp Leu 
725 730 735 



60 Glu Val Gin Ser Ser Leu Ser Ser Phe He Leu Asn ser Glu Val Glu 
740 745 750 

Val Met Lys Val He Glu Leu Ser Tyr Asp His Leu Pro His His Leu 
GO 755 760 765 



70 



Lys Pro cys Leu Leu Tyr phe Ala Ser Phe Pro Lys Asp Thr ser Leu 

770 775 780 



Thr He Tyr Glu Leu Asn Val Tyr Phe Gly Ala Glu Gly Phe Val Gly 
785 790 795 boo 



ll-flUG-2003 19:57 

Agrico B,V. 



BRSF AG GUX C100 

20030596 



+49 621 6021183 
PF 54801 



S. 176/221 



35 



Lys Thr Glu Met Asn ser Mer Glu Clu Val Val Lys lie Tyr Met Asp 
805 810 815 

5 

Asp Leu lie Tyr Ser Ser Leu Val lie Cys Phe Asn Glu He Gly Tyr 
820 825 830 

10 

Ala Leu Asn Phe Gin He His Asp Leu Val Hiss Asp Phe Cys Leu He 
835 840 84$ 

15 Lys Ala Arg Lys Glu Asn Leu Phe Asp Gin He Arg Ser Ser Ala Pro 

850 - - 855 . ..96Q. 

Ser Asp Leu Leu Pro Arg Gin He Thr Xle Asp Cys Asp Glu Glu Glu 
20 865 870 875 880 

His Phe Gly Leu Asn Phe Val Met Phe Asp Ser Asn Lys Lys Arg His 
885 890 895 

25 

ser Gly Lys His Leu Tyr Ser Leu Arg He He Gly Asp Gin Leu Asp 
900 905 910 

3b 

Asp Ser val Ser Asp Ala Phe His Leu Arg His Leu Arg Leu Leu Arg 
915 920 925 

35 Val Leu Asp Leu His Thr Ser Phe He Met val Lys Asp Ser Leu Leu 
930 935 940 

Asn Glu He Cys Met Leu Asn His Leu Arg Tyr Leu Ser He Asp Thr 
40 945 950 '955 960 

Gin Val Lys Tyr Leu Pro Leu Ser Phe Ser Asn Leu Trp Asn Leu Glu 
965 970 975 

45 

Ser Leu Phe val Ser Thr Asn Arg Ser He Leu Val Leu Leu Pro Arg 
980 985 990 

50 

He Leu Asp Leu Val Lys Leu Arg Val Leu Ser Val Asp Ala Cys Ser 
995 1000 1005 

55 Phe Phe Asp Met Asp Ala Asp Glu Ser He Leu He Ala Glu Asp 
1010 1015 1020 

Thr Lys Leu Glu Asn Leu Arg He Leu Thr Glu Leu Leu He Ser 
60 1025 1030 1035 

Tyr Ser Lys Asp Thr Lys Asn He Phe Lys Arg Phe Pro Asn Leu 

1040 1045 1050 

65 

Gin Leu Leu Ser Phe Glu Leu Lys Glu Ser Trp Asp Tyr Ser Thr 

1055 1060 1065 

70 

Glu Gin His Trp Phe Ser Glu Leu Asp Phe Leu Thr Glu Leu Glu 

1070 1075 1080 
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36 

Thr Leu Ser val Gly Phe Lye Ser Ser Asn Thr 'Asm Asp Ser Gly 
1085 1090 1093 

5 

Ser Ser Val Ala Thr Asn Arg * Pro Trp Asp Phe His Phe Pro Ser 
HOD U05 1110 

10 Asn Leu Lys He Leu Trp Leu Arg Olu Phe Pro Leu Thr Ser Asp 
1115 1120 H25 

Ser Leu ser Thr lie Ala Arg Leu Pro Asn Leu Glu Glu Leu Ser 
15 1130 1135 H40 

Leu Tyr His Thr lie He His Gly Glu Glu Trp Asn Met Gly Glu 
20 1150 H55 

Glu Asp Thr Phe Glu Asn i*eu Lys Phe Leu Asn Phe Asn Gin Vol 
1150 1165 1170 

25 

Ser He Ser Lys Trp Glu Val Gly Glu Glu ser Phe Pro Asn Leu 
1173 1180 H85 

30 Glu Lys Leu Lys Leu Arg Gly Cys His Lys Leu Glu Glu He Pro 
1190 H95 1200 

* Pro Ser Phe Gly Asp He Tyr Ser Leu Lys ser He Lys He val 

35 1205 • 1210 1215 

Lys Ser Pro Gin Leu Glu Asp Ser Ala Leu Lys He Lys Glu Tyr 
4Q 1220 1225 1230 

Ala Glu Asp Met Arg Gly Gly Asp Glu Leu Gin He Leu Gly Gin 
1235 1240 1245 

45 

Lys Asn He Pro Leu Phe Lys 

1250 1255 * 

50 <210> 9 

*211?* 3774 

<212=» DNA 

55 

<?213> Lycopersicon lycopersiaum 

60 <220> 

<221> CDS 

<IZZ> (1)..(3774) 

<223> Mil. 2 from tomato 

70 <400> 9 

H aa aaa C9a aaa gac att saa gca aac aac tea ttg gtg tta 46 
Met Glu Lys Arg Lys Asp He Glu Glu Ala Asn Asn Ser Leu Val Leu 
1 5 10 15 
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37 

ttt tct get ctt age aag gac att gec aat get eta att ttc eta gag 96 
Phe Ser Ala Leu Ser Lys Asp He Ala Asn Val Leu lie Phe Leu Glu 
20 25 30 

5 

aat gag gaa aat caa aaa get ctt gac aaa gat caa gtt gaa aag eta 144 
Asn Glu Olu Asn Gin Lys Ala Leu Asp Lys Asp Gin Val Glu Lys Leu 
35 40 45 

10 aaa ttg aaa atg gca ttt att tgt aca tat gtc cag ctt tct can tec 192 
Lys Leu Lys wet Ala Phe lie Cys Thr lyr Val Gin Leu Ser Tyr Ser 
50 55 60 



gat ttt gag cag ttt gaa gat ata atg act aga aat aga caa gag gtt 
15 Asp Phe Glu Gin Phe Glu Asp lie Mat Thr Arg Asn Arg Gin Glu val 
65 70 75 ' 80 



25 



45 



65 



240 



gag aat ctg ctt caa tea ctt ttg gat gat gat gtc ctt act age etc 288 
Glu Asn Leu Leu Gin Ser Leu Leu Asp Asp Asp Val Leu Thr Ser Leu 
20 85 90' 95 



acc agt aat atg gat gac tgt ate age ttg tat cat cgt tct tat aaa 33 6 

Thr Ser Asn Met Asp Asp Cys Tie Ser Leu Tyr His Arg ser Tyr Lys 
100 105 110 ■ 

tea gat gec ate atg atg gat gag caa ttg gac ttc etc etc ttg aat 384 
Ser Asp Ala lie Met Met Asp Glu Gin Leu Asp Phe Leu Leu Leu Asn 
115 120 125 



30 ctg tat cat eta tec aag cat cac get gaa aag ata ttt cct gga gtg 432 
Leu Tyr His Leu Ser Lys His His Ala Glu Lyfi lie Phe Pro Gly Val 
130 135 140 

act caa tat gaa gtt ctt cag aat gta tgt ggc aac ata aga gat ttc 480 
35 Thr Gin Tyr Glu Val Leu Gin Asn Val Cys Gly Asn lie Arg Asp Fhe 
145 150 • 155 160 

cat ggg ttg ata ctg aat ggt tgc att aag cat gag atg gtt gag aat 528 
His Gly Leu lie Leu Asn Gly Cys lie Lys His Glu Met val Glu Asn 
40 " 165 170 175 

gtc tta cct ctg ttt eaa etc atg get gaa aga gta gga cac ttc ctt 576 
Val Leu Pro Leu Phe Gin Leu Met Ala Glu Arg Val Gly His Phe Leu 

i an i o k *t an 



180 185 190 

tgg gag gat cag act gat gaa gac tct egg etc tec gag eta gat gag 624 
Trp Glu Asp Gin Thr Asp Glu Asp Ser Arg Leu Ser Glu Leu Asp Glu 
195 200 205 



50 gat gaa cac aat gat aga gac tct ega etc ttc cag eta aca cat eta 672 
Asp Glu His Asn Asp Arg Asp Ser Arg teu Phe Gin Leu Thr His Leu 
210 215 220 

etc ttg aag att gtt cca act gaa ctg gag gtt atg cac ata tgt tat 720 
55 Leu Leu Lys lie Val Pro Thr Glu Leu Glu val Met His lie Cys Tyr 
225 230 235 240 

aca aat ttg aaa get tea aet tea gca gaa gtt gga cge ttc att aag 768 
Thr Asn Leu Ly3 Ala Ser Thr Ser Ala Glu Val Gly Arg Phe He Lys 
60 245 250 355 

aag etc ctg gaa acc tea ccg gat att etc aga gaa tat ate att caa 816 
Lys Leu Leu Glu Thr Ser Pro Asp lie Leu Arg Glu Tyr He He Gin 
260 265 270 



eta caa gag cat atg tta act gtt att cec cot age act tta ggg get 864 
Leu Gin Glu His Met Leu Thr Val He Pro Pro Ser Thr Leu Gly Ala 
275 280 285 



70 ega aac att cat gtc atg atg gaa ttc eta tta ctt att ctt tct gat 912 
Arg Asn He His Val Met Met Glu Phe Leu Leu Leu He Leu Ser Asp 
290 295 300 
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atg ccc aag gac ttt att cat cat gac aaa ctt ttt gat etc ttg get 960 
Met Pro Lys Asp Fne lie His His Asp Lys Leu Phe Asp Leu Leu Ala 
305 310 31S 320 

5 cat gtc gga aca ctt aca agg gag gta teg act ctt gta cgt gac ttg 1008 
His Val Gly Thr Leu Thr Arg Glu Val Ser Thr Leu val Arfr Asp Leu 
325 330 - 335 

gaa gag aaa tta agg aat aaa gag ggt aat aac caa aca aat tgt gca 1056 
10 Glu Glu Lys Leu Arg Asn Lys Glu Gly Asn Asn Gin Thr Asn Cys Ala 
340 345 350 



acc eta gac ttg ctg gaa aat att gaa etc etc aag aaa gat etc aaa 
Thr Leu Asp Leu Leu Glu Asn lie Glu Leu Leu Lys Lys Asp Leu Lys 
15 355 36Q 365 



20 



40 



60 



65 



tac aaa gta tac aat gat aag tea get fcet aga cat ttt gac ctt cgt 
Tyr Lys Val Tyr Asn Asp Lys Ser Val Ser Arg His Phe Asp Leu Arg 
565 570 575 



1104 



cat gtt tat ctg aaa gec cca aat tea tct caa tgt tgo ttc ccc atg 1152 
His val Tyr Leu Lys Ala Pro Asn Ser Ser Gin Cys Cys Phe Pry Met 
370 • 375 380 

agt gat gga cca etc ttc atg cat ctt eta cac atg cac tta aat gat 1200 
Ser Asp Gly Pro Leu Phe Met His Leu Leu His Jflat His Leu Asn Asp 
385 390 335 400 

25 ttg eta gat tct aat get tat tea att tct ttg ata aag gaa gaa ate 124 B 
Leu Leu Asp Ser Asn Ala Tyr Ser lie Ser Leu tie Lys Glu Glu lie 
405 410 415 

gag ttg gtg agt caa gaa atg gaa ttc ata aga tea ttc ttt ggg gat 1226 
30 Glu Leu Val Ser Gin Glu Leu Glu Pne lie Arg ser Ph© Phe Gly Asp 
420 425 430 

get get gag caa gga ttg tat aaa gat ate tgg gca cgt gtt eta gat 1344 
Ala Ala Glu Gin Gly Leu Tyr Lys Asp lie Trp Ala Arg Val Leu Asp 
35 435 440- .445 



gtg get tat gag gca aaa gat gtc ata gat tea ate att gtt cga gat 1392 
Val Ala Tyr Glu Ala Lys Asp val He Asp Ser He He Val Arg Asp 
450 455 460 

aat ggt etc tta cat ctt att ttc tea ctt ccc att acc ata aag aag 1440 
Asn Gly Leu Leu His Leu He Phe Ser Leu Pro He Thr lie Lys Lys 
465 470 475 4B0 

45 ate aaa ctt ate aaa gaa gag ate tct get tta gat gag aac att ccc 1488 
He Lys Leu He Lys Glu Glu lie Ser Ala Leu Asp Glu Asn He Pro 
485 490 495 

aag gac aga ggt eta ate gtt gtg aac tct ccc aag aaa cca gtt gag 1536 
5P Lys Asp Arg Gly Leu He Val Val Asn Ser Pro Lys Lys Pro Val Glu 
500 505 510 

aga aag tea ttg aca act gat aaa ata att gta ggt ttt gag gag gag 1584 
■ Arg Lys Ser Leu Thr Thr Asp Lys He He Val Gly pjtie Glu Glu Glu 
55 515 520 • 525 

aca aac ttg ata ctt aga aag etc aeo agt gga ccc gca gat tta gat 1632 
Thr Asn L©u He Leu Arg Lys Leu Thr Ser Gly Pro Ala Asp Leu Asp 
530 535 540. 

gtc att teg ate acc ggrt atg ccg ggt tea ggt aaa act act ttg gca leso 
Val He Ser He Thr Gly Met Pro Gly Ser Gly Lys Thr Thr Leu Ala 
5*5 550 555 560 



1728 



-rn ?? a tgsr £ gc 2f g gc ? 9rat caa tat ^ ac sr ft< = * a 9 ttg gat 1776 
/U Ala Trp Cys Thr Val Asp Gin Gly Tyr Asp Aap Lys Lys Leu Leu Asp 
580 535 



aca att 



ttc agt caa gtt agt ggc tea gat tea aat ttg agt gag aat 1024 
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Thr lie Phe Ser Gin Val Ser Gly Ser Asp Ser Asn Leu Ser Glu Asn 
595 600 60S 

att gat gtt get gat aaa ttg egg aaa caa ctg ttt gga aag agg cat 1872 
5 Tie Asp Val Ala Asp Lys Leu Arg Lys Gin Leu Phe Gly Lys Arg Tyr 
610 615 620 



ccc act: gec tta gat gat gtg tgg gat act act aca ttg gat gag ttcr 

Leu lie Val Leu Asp Asp Val Trp Asp Thr Thr Thr Leu Asp Glu Leu 
10 625 fi 30 635 640 

aca aga cct ttt cot gaa get aag aaa gga agt agg att att teg aca 

Thr Arg Pro Phe Pro Glu Ala Lys Lys Gly Ser Arg lie lie Leu Thr 

645 650 655 



15 



act cga gaa aag gaa gtg gec teg cat gga aag ctg aac act gat cct 
Thr Arg Glu Lys Glu Val Ala Leu His Gly Lys Leu Asn Thr Asp Pro 
660 665 670 

20 ctt gac ctt cga teg eta aga cca gat gaa agt tgg gaa etc tta gac 
Leu Asp Leu Arg Leu Leu Arg Pro Asp Glu Ser Trp Glu Leu Leu Asp 
575 690 685 

aaa agg aca ttt ggt aafc gag agt tgc cct gat gaa eta tta gat gtc 
25 Lys Arg Thr Phe Gly Asn Glu Ser Cys Pro Asp Glu Leu Leu Asp val 
690 * 595 700 

ggt aaa gaa ata gec gaa aat cgt aaa ggg cct cct ccg gtg got gac 
Gly Lys Glu lie Ala Glu Asn Cys Lys Gly Leu Pro Leu Val- Ala Asp 
30 705 "710 715 720 



35 



55 



ctg att got gga gtc att get ggg agg gaa aag aaa agg agt gtg tgg 
Leu He Ala Gly Val He Ala Gly Arg Glu Lys Lys Arg Ser val Trp 
725 730 735 



40 gaa gtg atg aaa gtt ata gaa tta agt tat gac cat tta cca cat cac 

Glu Val Met Lys Val He Glu Leu Ser Tyr Asp His Leu Pro His His 

755 760 ' 765 

etc aag cca tgc ttg cct cac ttt gca agt tgg ccg aag gac act cct 

45 Leu Lys Pro Cys Leu Leu His Phe Ala Ser Trp Pro Lys Asp Thr Fro 

770 775 780 

ttg aca ate tat ttg ttt act gtt tat ttg ggt get gaa gga ttt gtg 

Leu Thr He Tyr Leu Phe Thr Val Tyr Leu Gly Ala Glu Gly Phe Val 

50 7B5 790 795 800 



gaa aag acg gag atg aag ggt ata gaa gaa gcg gcg aag att tat atg 
Glu Lys Thr Glu Met Lys Gly He Glu Glu Val Val Lys He Tyr Met 
805 810 815 



1920 



1968 



2016 



2064 



2112 



2160 



2208 



cct gaa gtt caa age agt teg agt tct etc ate ccg aao agt gaa gtg 2256 
r*eu Glu val Gin Ser Ser Leu Ser Ser Phe He Leu Asn Ser Glu Val 
740 745 750 



2304 



2352 



2400 



2448 



gat gat tta act tco agt age ttg gta att tgt ttc aat gag ata ggt 2d96 
A3p Asp Leu He Ser Ser Ser Leu Val He Cys Phe Asn Glu He Gly 
820 825 830 



60 gat ata ctg aat ttc caa att cat gat ctt gcg cat gac ttc cgt ttg 2544 
Asp He Leu Asn Phe Gin He His Asp Leu Val His Asp Phe Cys Leu 
835 840 845 

aca aaa gca aga aag gaa aat ttg ttt gat egg ata aga tea agt get 2592 
65 He Lys Ala Arg Lys Glu Asn Leu Phe Asp Arg He Arg Ser Ser Ala 
B50 S55 860 

cca tea gat ttg ttg cct cgt caa att acc att gac cac gat gag gag 2640 
* Pro Ser Asp Leu Leu Pro Arg Gin lie Thr He Asp Tyr Asp Glu Glu 
70 865 570 ' 875 B80 

gag gag cac ttt ggg ctt aat ttt gtc atg ttc gat tea aat aag aaa 2688 
Glu Glu His Phe Gly Leu Asn Phe Val Met Phe Asp Ser Asn Lys Lys 
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885 



40 

890 



895 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



agg cat tct ggt aaa cac etc tat tct ttg agg ata aac gga gac cag . 
Arg His Ser Oly Lys His Leu Tyr Ser Leu Arg He Asn Gly Asp cm 
pDO 905 910 

etc gac gac agt gtt tct gat gca ttt cac eta aga cac ttg agg ctt 
Ibxl Asp Asp Ser Val Ser Asp Ala Phe His Leu Arg His Leu Arg Leu 
915 920 925 

act aga gtg ttg gac ctg gaa ccc tct tta ate atg gtg aat gat tct 
lie Arci val Leu Asp Leu Glu Pro Ser Leu He Met v*l Asm Asp Ser 
930 935 940 

ttg ctg aat gaa aca cgc atg ttg aat cat ttg agg tac tta aga att 
Leu Leu Asn Glu He Gys Met Leu Asn His Leu Arg Tyr Leu Arg Tie 
945 950 93b 

egg aca caa gtt aaa tat ctg cat ttc tct ttc tea aac etc tgg aat 
Arc Thr Gin val Lys Tyr Leu pro Phe Ser Phe Ser Asa Leu Trp Asn 
955 970 975 

eta gaa agt ctg tct gtg tct aac aaa gga tea ate ttg gta eta tta 
Leu Glu Ser Leu Phe Val Ser Asm Lys Gly Ser tie Leu Val Leu Leu 
980 985 990 

ccc aga att ttg gat ctt gta aag ttg cga gtg ctg tec gtg ggt get 
Pro Arg lie Leu Asp Leu Val Lys Leu Arg Val Leu Ser Val Gly Ala 
995 1000 1005 

tgt tct etc ttt gat atg gat gca gat gaa tea ata ttg ata gca 
Cys Ser Phe Phe Asp Met ASP Ala Asp Glu Ser He Leu He Ala 
1010 1015 1020 



gaa ctg ttg 
Glu Leu Leu 



aag gac aca aag tta gag aac ttg aga ata tta ggg 
Lys Asr> Thr Lys Leu Glu Asn Leu Arg He Leu Gly 
1025 1030 1035 

att tec tac teg aaa gat aca atg aat att ttc aaa agg ttt ccc 
He Ser Tyr Ser Lys Asp Thr Met Asn He Phe Lys Arg phe Pro 
1040 1045 1050 

aat ctt cag gtg ctt cag tec gaa etc aag gag tea tgg gat tat 
Asn Leu Gin Val Leu Gin Phe Glu Leu Lys Glu Ser Trp Asp Tyr 
1055 1060 1065 



tea aca gag caa cat tgg ttc ccg aaa ttg gat tgc 
Ser Thr Glu Gin His Trp Phe Fro Lys Leu Asp cys 
1070 1075 10S0 

eta gaa aca etc tgt gta ggt ttt aaa agt tea aae 
Leu Glu Thr Leu Cys Val Gly Ph© Lys Ser Ser Aen 
1085 1090 1095 



70 



tgt ggg 
Cys Gly 
1100 

cct tea 
pro Ser 
1115 

tec gat 
Ser Asp 
1130 

ttg tec 
Leu Ser 
1145 

ggg gag 
Gly Glu 
1160 



tec tct gtt gtg aca aat egg ccg tgg gat 
Ser Ser Val Val Thr Asn Arg Pro Trp Asp 
1105 1110 

aat ttg aaa gaa ctg ttg ttg tat gac ttt 
Asn Leu Lys Glu Leu Leu Leu Tyr Asp Phe 
1120 1125 



eta act gaa 
Leu Thr Glu 



aca aac cac 
Thr Asn His 



ttt cac ttc 
Phe His Phe 



cct ctg aca 
Pro Leu Thr 



tea eta tea aea ata gcg aga ctg ccc aac ctt gaa aat 
Ser Leu Ser Thr He Ala Arg Leu Pro Asn Leu Glu Asn 
1135 • 1140 



ctt tab gat aca ate 
Leu Tyr Asp Thr He 
1150 

gaa gac act ttt gag 
Glu Asp Thr Phe Glu 
1165 



ate cag gga gaa gaa 
He Gin Gly Glu Glu 
1155 

aat etc aaa ttt ttg. 
Asn Leu Lys Phe Leu 
1170 



tgg aac atg 
Trp Asn Met 



aac ttg cgt 
Asn Leu Arg 



2736 



2784 



2832 



2880 



2928 



297 5 



3024 



3069 



3114 



3159 



3204 



3249 



3294 



3339 



3384 



3429 



3474 



3519 
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eta ctg act ctt tec aag tgg gag gtt gga gag gaa tec ttc ccc 3564 
Leu Leu Thr Leu Ser Lys Trp Glu Val Gly Glu Glu Ser Phe pro 
1175 1180 1185 

aat ctt gag aaa tta aaa ctg cag gaa tgtggt aag ctt gag gag 3 609 

. Asn Leu Glu Lys Leu Lys Leu Gin Glu Cys Oly Lys Lgu Glu Glu 
1190 1195 1200 

10 att cca cct agt ttt gga gat att tat tea ttg aaa ttt ate aaa 3654 
lie Pro Pro Ser Phe Gly Asp lie Tyr Ser Lou r,ys Phe lie Lys 
1205 1210 1215 

att gta aag agt cct caa ctt gaa gat tct get etc aag att aag 3 699 

15 He Val Lys Ser Pro Gin Leu Glu Asp Ser Ala Leu Lys 11c Lys 
1220 1225 1230 _\ 

aaa tae get gaa gat atg aga gga ggg aac gat ctt • cag ate ctt 3744 
Lys Tyr Ala Glu Asp Met Arg Gly Gly Asn Asp Leu Gin He Leu 
20 1235 12/10 1245 



25 



30 



35 



45 



50 



70 



ggc cag aag aat ate ccc tta ttt aag tag 3774 
Gly Gin Lys Asn lie Pro Leu She Lys? 
1250 1255 

<;210;» 10 

<211> .1257 

<212> PRT 

<213?> Lycopersicon lyeopersicum 

<;400> 10 



Met Glu Lys Arg Lys Asp He Glu Glu Ala Asn Asn Ser Leu Val Leu 
40 1 5 10 15 



Phe Ser Ala Leu Ser Lys Asp He Ala Asn Val Leu He Phe Leu Glu 
20 25 30 

Asn Glu Glu Asn Gin Lys Ala Leu Asp Lys Asp Gin Val Glu Lys Leu 
35 40 45 

Lys Leu Lys Met Ala Phe He Cys Thr Tyx Val Gin Leu Ser Tyr Ser 
50 55 60 



55 Asp Phe Glu Gin Phe Clu Asp He Met Thr Arg Asn Arg Gin Glu Val 
65 70 75 ao 

„ Asn Leu Leu Gin Ser Leu Leu Asp Asp Asp Val Leu Thr Ser Leu 

60 85 90 95 



Thr ser Asn Met Asp Asp Cys He Ser Leu Tyr His Arg Ser Tyr Lys 
100 105 110 

Ser Asp Ala He Met Met Asp Glu Gin Leu Asp Phe Leu Leu Leu Asn 
115 120 125 

Leu Tyr His Leu ser Lys His His Ala Glu Lys He Phe Pro Gly Val 
130 135 140 
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Thr Gin Tyr Glu Val Leu Gin Asn Val Oys Gly jvsn He Arg Asp Phe 
145 150 155 160 

5 

His Gly Leu lie Leu Asn Gly Cys lie Lys His Glu Met Val Glvi Asa 
165 170 175 

10 Val Leu Pro Leu Phe Gin Leu Met Ala Clu Arg val Gly His Phe Leu 
180 185 190 

Trp Glu Asp Gin Thr Asp Glu Asp Ser Arg; Leu Ser Glu Leu Asp Glu 
15 195 200 205 



20 



25 



40 



45 



60 



65 



Asp Glu His Asn Asp Arg Asp Ser Arg- Leu Phe Gin Leu Thr His Leu 
210 215 220 

Leu Leu Lys lie Val Pro Thr Glu Leu Glu Val Met His Tie CyS Tyr 
225 230 235 240 

Thr Asn Leu Lys Ala ser Thr Ser Ala Glu val Gly Arcr Phe lie Lys 
245 250 355 



30 Lys Leu Leu Glu Thr Ser Pro Asp He Leu Arg Glu Tyr He lie Gin 
260 . 265 270 

Leu Gin Glu His Met Leu Thr Val He Pro Pro Ser Thr Leu Gly Ala 
35 275 280 285 



Arg Asn He Hie Val Met Met Glu Phe Leu Leu Leu He Leu Ser Asp 
290 235 300 

Met Pro Lys Asp Phe He His His Asp Lys Leu Phe Asp Leu Leu Ala 
305 310 315 320 

His Val Gly Thr Leu Thr Arg Glu Val Ser Thr Leu va3 Arg Asp Leu 
325 330 335 



50 Glu Glu Lys Leu Arg Asn Lys Glu Gly Asn Asn Gin Thr Asn Cys Ala 
340 345 350 

Thr Leu Asp Leu Leu Glu Asn lie Glu Leu Leu Lys Lys Asp ueu Lys 
55 355 360 365 



His Val Tyz Leu Lys Ala Pro Asn ser Ser Gin cys Cys Phe Pro Met 
370 375 380 

Ser Asp Gly Pro Leu Phe Met His Leu Leu His Met His Leu Asn Asp 
385 390 395 400 

Leu Leu Asp Ber Asn Ala Tyr Ser He ser Leu He Lys Glu Glu I1q 
405 410 415 



70 Glu Leu Val Ser Gin Glu Leu Glu Phe Xle Arg Ser Phe Phe Gly Asp 
420 425 430 
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Ala Ala Glu Gin Gly Leu Tyr Lys Asp lie Trp 'Ala Arg Val Leu Asp 
435 440 445 

5 val Ala Tyr Glu Ala Lys Asp Val lie Asp Ser He lie val Arg Asp 

450 455 460 

Asn Gly Leu Leu Mis Leu lie Phe Ser Leu Pro He Thr lie Lys Lys 
10 455 470 475 4B0 



15 



20 



35 



40 



55 



60 



Ilea Lys Leu lie Lys Glu Glu lie Ser Ala Leu Asp Glu Asn lie Pro 

Lys Asp Arg Gly Leu He Val Val Asn Ser Pro Lys Lys Pro Val Glu 
500 505 510 

Arg lys ser Leu Thr Thr Asp Lys He He Val Gly Phe Glu Glu Glu 
515 520 525 



25 Thr Asn Leu tie Leu Arg Lys Leu Thr Ser Gly Pro Ala Asp Leu Asp 
530 535 540 

Val He Ser He Thr Gly Met Pro Gly Ser Gly Lys Thr Thr Leu Ala 

30 545 550 335 560 



Tvr Lys Val Tyr Asn Asp Lys Ser Val ser Arg His Phe Asp Leu Arg 
X ' 565 570 575 

Ala Trp Cys Thr Val Asp Gin Gly Tyr Asp Asp Lys Lys Leu Leu Asp 
580 585 590 

Thr He Phe ser Gin val Ser Gly ser Asp Ser Asn Leu Ser Glu Asn 
595 $00 G05 



45 He Asp Va.1 Ala Asp Lys Leu Arg Lys Gin Leu Phe Gly Lys Arg Tyr 
610 615 620 

Leu He Val Leu Asp Asp Val TTP Asp Thr Thr Thr Leu Asp Glu Leu 
50 625 . 630 635 640 



Thr Arg Pro Phe Pro Glu Ala Lys Lys Gly Ser Arg He He Leu Thr 
645 650 . 655 

Thr Arg Glu Lys Glu Val Ala Leu His Gly Lys Leu Asn Thr Asp Pro 
660 665 670 

Leu Asp Leu Arg Leu Leu Arg Pro Asp Glu Ser Trp Glu Leu Leu Asp 
675 680 6B5 



65 Lys Arg Thr Phe Gly Asn Glu Ser Cys Pro Asp Glu Leu Leu Asp Val 
690 595 700 

Gly Lys Glu He Ala Glu Asn Cy* Lys Gly Leu Pro Leu Val Ala. A*?p 
70 705 710 715 720 

Leu He Ala Gly Val He Ala Gly Arg Glu* Lys Lys Arg Ser val Trp 
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725 730 735 

Leu Glu val Gin Ser Ser Leu Ser Ser Phe He Leu Asn Ser Glu Val 
5 740 745 750 



10 



15 



30 



35 



50 



55 



70 



Glu Val Met Lys Val He Glu Leu Ser Tyr Asp His Leu Pro His His 
755 760 765 

Leu Lys Pro cys Leu Leu His Plie Ala Ser Trp Pro Lys Asp Thr Pro 
770 775 780 

Leu Thr He Tyr Leu Phe Thr Val Tyr Leu Gly Ala Glu Gly Phe val 
785 790 795 800 



20 Glu Lys Thr Glu Met Lys Gly He Glu Glu Val Val Lys He Tyr Met 

805 810 815 

> 

Asp Asp Leu He Ser Ser Ser Leu val He Cys Phe Asn Glu He Gly 
25 $20 825 830 



Asp lie Leu Asn Phe Gin He His Asp Leu Val His Asp Phe Cys Leu 
835 840 845 

He Lys Ala Arg; Lys Glu Asn Leu Phe Asp Arg He Arg Ser Ser Ala 
850 855 860 

Pro Ser Asp Leu Leu Pro Arg Gin He Thr He Asp Tyr Asp Glu Glu 
865 870 875 880 



40 Glu Glu His Phe Gly Leu Asn Phe Val Met Phe Asp Ser Asn Lys Lys 

885 890 89 S 

Arg His Ser Gly Lys His Leu Tyr ser Leu Arg He Asn Gly Asp Gin 
45 900 905 910 



Leu Asp Asp Ser Val Ser Asp Ala Phe His Leu Arg His Leu Arg Leu 
915 920 925 

He Arg val Leu Asp Leu Glu Pro Ser Leu He Met Val Asn Asp Ser 
930 935 940 

Leu Leu Asn Glu He Cys Met Leu Asn His Leu Arg Tyr Leu Arg He 
945 950 955 960 



60 Arg Thr Gin val Lys Tyr lqu Pro Phe Ser Phe Ser Asn Leu Trp Asn 

965 970 975 

Leu Glu Ser Leu Phe Val Ser Asn Lys Gly Ser Xle Leu Val Leu Lpu 
OO 980 985 990 



Pro Anj He Leu Asp Leu Val Lys Leu Arg Val Leu Ser Val Gly Ala 
995 1000 1005 

Cys Ser Phe Phe Asp Met Asp Ala Asp Glu Ser He Leu He Ala 
1010 1015 1020 
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45 



Lys' Asp Thr Lys Leu Glu Asn Leu Arg lie Leu Gly Glu Leu Leu 
1025 1030 1035 



10 



He ser Tyr Ser Lys Asp Thr Met Asn He Phe Lys Arg Phe Pro 
1040 1045 1050 

Asn Leu Gin Val Leu Gin Phe Glu Leu Lys Glu Ser Trp Asp Tyr 
1055 1060 1065 



15 Ser Thr Glu Gin His Trp Phe Pro Lys Leu Asp Cys Leu Thr Glu 
1070 1075 1080 



20 



Leu Glu Thr Leu Cys Val Gly Phe Lys Scr Ser Asn Thr Asn His 
1085 1090 1095 



25 



30 



Cys' Gly Ser Ser Val Val Thr Asn Arg Pro Trp Asp Phe His Phe 
1100 1105 1110 

Pro Ser Asn Leu Lys Glu Leu Leu Leu Tyr Asp Phe Pro Leu Thr 
1115 1120 1125 

Ser Asp Ser Leu Ser Thr He Ala Arg Leu Pro Asn Leu Glu Asn 
1130 1135 1140 



35 Leu ser Leu Tyr Asp Thr He He Gin Gly Glu Glu Trp Asn Met 

1145 1150 1155 

Gly Glu Glu Asp Thr Phe Glu Asn Leu Lys Phe Leu Asn Leu Arg 

40 1160 1165 1170 



45 



50 



Leu Leu Thr Leu Ser Lys Trp Glu Val Gly Glu Glu Ser Phe Pro 
1175 llfiO 1185 

Asn Leu Glu Lys Leu Lys Leu Gin Glu Cys Gly Lys Leu Glu Glu 
1150 1195 1200 

He Pro Pro ser Phe Gly Asp He Tyr Ser Leu Lys Phe He Lys 
1205 1210 1215 



55 He Val Lys Ser Pro Gin Leu Glu Asp ser Ala Leu Lys He Lys 

1220 1225 1230 

Lys Tyr Ala Glu Asp Met Arg Gly Gly Asn Asp Leu Gin He Leu 

60 1235 1240 12d5 



65 



70 



Gly Gin Lys Asn He Pro Leu Phe Lys 
1250 1255 



«=210> 11 

<21X> 20 

<212> DNA 

<213> Solanutn bulbooastanum 
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<220> 

5 

<221> mappingjnarker 

<222> (IK. (20) 
10 <223> 

<400> 11 
15 ttgtggttat cgatgagaat 

<;210> 12 

20 <21lr 22 

<212> DNA 

<Z13> Solanum bulbocastanum 

25 

<22P> 

30 <221> Mapping^marJQer 

<222> (1)..(22> 
<223> 

35 

<=aoo> 12 

gaaacaacag caggatagtg ag 

40 

<210?- 13 

<211> 20 

45 

<2X2> DNA 

<213t> Solanum pulbocastanum 

50 

<22Q;» 

<221> tfapping_marker 

<222> (1)..(20) 
<223> 

60 

<;400> 13 

ttgnggttat cgatgagaat 

65 

<210> 14 

<211;> 22 

70 <212> PNA 

<213> Solanum bulboeastanum 
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10 



15 



20 



25 



30 



35 



40 



60 



<220> 

*22l> Mappinsr^mArker 

<222> (1) (22) 
<223> 



<400> 14 22 
gaaacaacag caggatagtg ag - - 

<210> IS 

<211> 20 

«?212> PNA 

<213> Solanum bulbocascanum. 



<22D> 

«;221> M«vppingJ«arker 

<222> (1)..(20) 
<223> 



<400> 15 20 
gaattcagca caaataccaa 



<210;> 15 

<ZXX> 20 

45 <212> DNA 

<213> Solanum bulbacasnanuni 

50 

<220> 

<221> MappingJMaxker 

55 <222> (1).. (20) 
<;223?> 



«400> 16 2 q 
ttaacgttta ctatcacgag 



65 <210> 17 

<2ll> 23 

<212> DNA 
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10 



15 



20030596 



69 



+49 621 6021183 S. 210/221 
PF 541501 



<210> BO 

<;211> 20 

5 <212> DNA 

<213> solarium bulbocastanum 



<220> 

<221> primer 
<222> (I)'. - (20) 
c223> 



20 



30 



<400> 80 

ccatgattac gccaagctgg 



25 <210> 81 
«:211> 20 
<;212^ PNA 



20 



c213^ Solanum bulbocastanum 



35 



40 



<220> 

<221> primer 
<222> (1)..(20) 
<c223> 



45 <400?> 81 

ggcctxccca gtcacgacgt 



20 



50 



55 



c210> 82 

<:2ll?» 20 

<212> ONA 

<2l3> Solatium bulbocastanuiu 



60 



65 



-t;220> 

<221> primer 
<222> (l)-.(20> 
<223> 



<aoo> 82 
70 agaaagctca ccagtggacc 



20 



<210> 83 



ll-AUG-2003 20:02 

Agrico B,V* 



BASF AG GUX C100 

20030596 



+45 621 60211S3 S. 211^221 



70 



^211> 20 

<212> DNA 

5 

<213> Solamaiu bulbQcaEtanum 

10 <220> 

<221> • primer 
<222;» (1) . . (20) 
<223> 



15 



20 <400> 83 20 
atttatggct gcagaggacc 



25 



<210> 84 

<21l7> 21 

<c212> ENA 

30 -c213;> Solaxmm feulbocascanura 

<400> 84 '21 
35 aagtccaatt gctcatccat c 

<210> 8b 

40 <211> 19 

<=212> PNA 

<213> Solarium bultJocastanum 

45 

<;220* 

50 <221> primer 
<222> 
<223> 



55 



60 



65 



70 



<400> B5 lg 
tgcacc&tgc acgaaggfca 

<;2l0;> 86 

<2115- 22 

<212> E0MA 

<213> Solanum bulbocastanum 



<220> 



ll~flUG-2003 20: 03 

Agripo BX 



<221> primer 
<222> (1) ■ . (22> 
5 <;223> 



BflSF RG GVX C100 



20030596 



71 



+49 S21 6021183 



S. 212^221 



«aoo> ee 

10 caatwttggt tcccgaaatt gg 



22 



US 



20 



25 



30 



35 



40 



45 



50 



55 



60 



<210> B7 

<211> " 2*'" — 

<212> DNA 

<213> Bolanum bulbocastanum 
<220> 

<:221> primer 

<;222> (l>.-(25) 
<223> 



<400> 87 

atggaaaaac * gaaaagataa tgaag 



<210> 88 

<211>- 25 

<212> DNA 

<213> Solamam bulbocasfcanum 
<220> 

<z22i> primer 
<:222> ll) (25) 
^223> 

<400> 88 

ctacttaaat aacgggatat ccttc 

<210> 89 

<211> 20 

<213> Solanum tmlbocastawm 



25 



25 



70 



<220> 

<221> primer 



ll-flUG-2003 20:03 

Agrico B.V. 



BRSF RG GVX C100 



5 



10 



15 



20 



25 



30 



35 



45 



50 



55 



60 



65 



20030596 



72 



+49 621 6021183 S. 213/221 
HI- WW I 



<222> (1)..(20) 
<223> 



<400?. 89 

eccatgactc cttgagtttg 



<210> 90 

<211> 21 . 

<212» PFA 

<213> Solanum bulbocastanum 
<:220> 

<221> primer 

<222* (1)..(21J 
<223^ 



<aoo> 90 

ggtggggttg ggaagacaac g 



20 



21 



<210> 91 

<211> 19 

40 <212> DNA 

<213> Solanum bulbocastanum 



<;220> 

<221> primer 

<222> (1)..(19) 
<223> 

*4D0> 91 

gtagaetgcg taccaattc 

<:210> 92 

<211> 16 

<212> DNA 

<213> solanum bulbocastanum 



19 



<220> 

«=221> primer 



ll-PUJG-2003 20:03 

Agrico B.v. 



BR5F PD GUX C103 



20030596 
73 



+49 621 6021183 S. 214/-221 
PF 54801 



(D..U6) 



10 



<:400?> 92 
gatgagtccc gagtaa 



<210> 33 

<211? 2913 

15" <2l2> DHA - 

<213> Solanum bulbocastanum 



16 



20 



25 



<220> 

<221> CDS 

<222> tl)..(2913) 

<223, Bpi-blb or BB (Song, VMS, 2°03, 9128-9133J 



Sea E S S SS (S a £ B s = - S H 

r-r,*- aca ate. caa gec gtc ctt gaa gat get 

40 a a s e ss «£ »e si s s» l. « » «. » «• 

35 4 



45 



50 



55 



cag gag aag caa etc aac aac aag eot ctt gaa aat tgg CCg caa aaa 
Gin Glu Lys Gin Leu Asn ash W 3 rro t " su v so 

S SS ffi K S & K ?S S S S 2* S5 K K J 

s js s s KS = a is e £ s s ss ss s 
» «s a ss ss-s - » f ; i is £ a s k a 
60 si & a a: » e a e a? ss s s g a 

_ cac gaa aaa att gta gag aga caa get gtt aga egg |aa aca ggt WC 
65 Hie Glu fcys He Val Glu are ^xxj. « ^ Q 
130 

• e js s e s Hi ?s ss'hj a ||i s: ss a a k 



70 



145 



a sa s a s a: s a e a k s ss s a s 



48 



96 



144 



192 



240 



268 



336 



3B4 



432 



430 



528 
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74 

155 170 175 

g tc etc cca ata ett ggt atg ggg gg tta gga aaa acg act ctt gec 
Val Leu Pro lie Leu Gly Met Gly Gly Leu w uya. nu. 
c 180 185 A;7V 



i!n & ts ss s s a s ffi s a s s ss ss js 



35 



40 



624 



195 

10 •.!.<» tat ate teg gaa gat ttt gat gag aag agg tta ata aag 672 
SS S? 52 c?s vS IS «« *■ asp out Lys Arg Leu He lor- 
210 215 
iB ma tet att gaa gga agg cca eta ett- ggt gag atg gac 

15 III S vtt S!u sir SS llu S All Pro Leu Leu Gly 01. » Asp 
225 230 

* a ffi s s sr. » s - s k 2 assg s 

245 " u 

£ IS 25 ffi S2 BB ffi I £ S « a SS 3! S 

25 260 265 *' u 

mt aac tta aga gca gtc ctg aag gtt gga gca agt ggt get tct gtt 
III Sn III Sg III val Leu Lys val Gly Ala Ser Gly Ala Ser Val 
275 

3 ^ ae t act cat ctt gaa aag gtt gga tea att atg gga aca ttg 

It* to ^r S Leu llu LyI Val Gly Ser xl. Met Gly Thr Leu 
290 295 Jgu 

Ma nca tat craa ctg tea aat ctg tet caa gaa gat tgt tgg ttg ttg 
lln Ire £r llu Leu Ser Asn Leu Ser Gin Glu Asp Cys Trp Leu Leu 
305 310 315 

fetes ata caa cgt cca ttt gga cac caa gaa gaa ata aat cca aac ctt 
pnl 23 Gin III Ala Pne Gly Hi* Glu Glu Glu He AS* Pro Asn Leu 

ota aca ate gga aag gag att gtg aaa aaa agt ggt ggt gtg cct eta 
Si 111 *S lly Lys Glu lie Val Lys Lys Ser Oly Gly val Pro Leu 
45 340 J:?u 

gca gec aaa act ctt gga ggt att ttg tgc tte aag aga gaa gaa aga 
La Ala Lys tfhr Leu Gly Gly He Leu Cys Phe Lys Arg Glu Glu Arg 
355 360 365 

50 rrr- a too aaa cat gtg aga gac agt ccg att tgg aat ttg cct caa gat 1152 
Sa T?? I" His val Sg Lp sir Pro He Trp Asn Leu Pro Gin Asp 
370 375 3 " 

55 gaa agt tct att ctg cct gec ctg agg ctt agt tac cat caa ctt cca 
Glu Scr Ser He Leu Pro Ala Leu Arg Leu Ser Tyr His Gin Leu Pro 
385 3 ^0 395 



720 



768 



816 



864 



960 



1003 



1056 



1104 



1200 



1248 



ctt gat ttg aaa caa tgc ttt gcg tat tgt gcg gtg etc cca aag gat 
60 Leu S Leu Lys Gin Cys Phe Ala Tyr Cys Ala val Pne Pro Lys Asp 

405 410 U - L:3 

gec aaa atg gaa aaa gaa aag eta ate tct etc tgg atg gcg cat ggt 
Ala Lys Met Glu Lys Glu Lys Leu lie ser Leu Trp Met Ala Hxe Gly 
65 420 423 «30 

ttt ctt tta tea aaa gga aac atg gag cca gag gat gtg ggc. gat gaa 
Phe Leu Leu Ser Lys Gly Aen Met Glu Leu Glu Asp Val Gly Asp Glu 
435 440 445 

70 gta tgg aaa gaa tta tac ttg agg tct ttt etc caa gag att gaa gtt 1392 
Val Trp Lys Glu Leu Tyr Leu Arg Ser Phe Phe Gin Glu He Glu Val 
450 455 460 



1296 



ll-flUE-2003 20:03 BASF 9B BM C100 ^^f 021183 S " 216x221 

Agrico B.V. 



75 



55 



60 690 



695 700 



tec aat eta act tct tta aaa ate cat ggc ttc aga gga ace cat etc 
£ £ Leu Thr Ser i« Lys He Tyr Gly Phe Arg Gly He H» » 

705 710 



1440 



153 6 



1584 



1632 



1680 



465 470 
5 rt-a fctt tea aca aac aca tea age age aat ate cgt gaa 

Sa £ S £ £ S Asn Thr Ser Ser ser A*n lie Arg Qlu 
485 

10 31 a a a a a a - «| a = - ® s k s 
, 5 ..a a a 5 si s a.a a a k a ssb a 
- « a a a a is ss a a a si a a a is 

20 530 5 35 

!f. E K £S ill |SSwE2|Sw IS a I?; 

25 s a a a a a a a s a. a ss a a a a 
» a a a ss a a s a a a a a a a as ss 

580 

3s a a a a a a a a a a a a a ss a 
a a a a s - a a a a a a a a a a 

40 eio * 15 

i.„ M * fctt att att gga agg aag aaa ggt tat caa ctt ggt gaa 

£ IS Sin Si vll Sly *rg 1*1 *** gy ^ Gin ^ Gly Glu 

625 630 
4S5 r**-» etc' tat aac tea att aaa ate teg cat ctt gag 1968 

a sb £ a ^ a £ is s« llt ^ m — His % «« 
50 a a a a a a a a s s k a a a s a 

S60 665 ° r 

agg aat ctg cat tct tta age atg agt tgg aat aac ttc gga cca cat 
Gly Asn Leu His Ser Leu Ser Met Ser Trp Asn Asn Phe Gly Pro His 
575 680 685 

a a a a a is a a a a a k a a a a 



177 6 



1824 



1872 



1920 



2016 
2064 
2112 
2160 



65 aaa a a a a a a a a a a a a a 220S 

725 7 3^ 

TO aPP acre aac ttc aga aac tgc tea tge tta cca ccc ttt ggt gat ctg 
70 ill £ £ Phe £g Asn Cye Ser Cys Leu Pro Pro Phe Gly Asp x*» 
740 745 ,DU 



2256 



ll-GUG-2003 20:04 BASF AG GUX C100 +49 621 6021183 S. 217/^221 

Agrlco B.V. 2003059S fr owu i 



76 



ata agg ttt cca tec ttg agg aaa ctt gat ata tgg gac ttt ggt agt 
10 lie Arg Phe Pro Ser Levi Arg Lys Leu Asp lie Trp Asp Phe Gly Ser 
785 79Q 795 BOO 

ctg aaa gga ttg ctg aaa aag gaa gga gaa gag caa etc cct gtg ctt 
Leu Lys Gly Leu Leu Lys Lys Glu Gly Glu Glu Gin Phe Pro Val Leu 
15 * 805 810 815 

gaa gag atg ata act cac gag tgc cct ttt ctg acc ctt tct r.ct aat 
Glu Glu Met lie lie His Glu Cys Pro Phe Leu Thr Leu Ser Ser Asn 
820 825 830 



20 



40 



ctt agg get ctt act tec etc aga att tgc tat aat aaa gta get act 
Leu Arg Ala Leu Thr Ser Leu Arg lie Cys Tyr Asn Lys val Ala Thr 
835 840 845 



agt ctg aat get ttg aaa agt eta aaa att caa ttg tgt tgc gca eta 
Ser Leu Asn Ala Leu Lys Ser Leu Lys lie Gin Leu Cys Cys Ala T..eu 
35 885 890 895 





965 


<;210> 


94 


<211> 


970 


<212> 


PRT 


«?213> 


Solanum bulbocastanum 



2304 



cct tgt eta gaa agt eta gag tta cac tgg ggg tct gcg gat gtg gag 
Pro cys Leu Glu Ser Leu Glu Leu His Trp Gly Ser Ala Asp Val Glu 
755 760 765 

tat gtt gaa gaa gtg gat att gat gtt cat tct gga tec ccc aca aga 2352 
Tyr Val Glu Glu Val Asp lie Asp Val His Ser Cly Phe Pro Thr Arg 
" * 770 775 780 



2400 



2448 



2496 



2544 



25 tea ttc cca gaa gag atg ttc aaa aac ctt gca aat etc aaa tac ttg 2592 
Ser Phe Pro Glu Glu Met Phe Lys Asn Leu Ala Asn Leu Lys Tyr Leu 
950 855 860 

aca ate tct egg tgc aat aat etc aaa gag ctg cct acc age ttg get 2640 
30 Thr He Ser Arg Cys Asn Asn Leu Lys Glu Leu Pro Thr Ser Leu Ala 
865 870 875 880 



2688 



2736 



gag agt etc cct gag gaa ggg ctg gaa ggt tta tct tea etc aca gag 
Glu Ser Leu Pro Glu Glu Gly Leu Glu Gly Leu Ser Ser Leu Thr Glu 
900 905 910 

tta ttt gtt gaa cac tgt aac atg eta aaa tgt tta cca gag gga ttg 27.84 
Leu Phe Val Glu His Cys Asn Met Leu Lys Cys Leu Pro Glu Gly Leu 
915 920 925 



45 cag cac eta aca acc etc aca agt tta aaa att egg gga tgt cca caa 2832 

Gin His Leu Thr Thr Leu Thr Ser Leu Lys He Arg Gly Cys Pro Gin 
930 935 940 

ctg ate .aag egg tgt gag aag gga ata gga gaa gac tgg cac aaa att 2880 

50 Leu He Lys Arg Cys Glu Lys Gly He Gly Glu Asp Trp His Lys He 

945 950 955 960 

tct cac att cct aat gtg aat ata tat att taa 2913 
Ser His He Pro Asn Val Asn He Tyr He 
55 965 970 



60 



65 

<400> 94 

70 Met Ala Glu Ala Phe He Gin Val Leu Leu Asp Asn Leu Thr Ser Phe 
1 5 10 lb 



™- r-nv rinn +49 621 6021183 S.218/*221 

ll-RUG-2003 20:04 BASF AG GUX C100 g ^ 

Agrico B.V. 

L eu Lys Gly Glu Leu Val Leu Leu Phe Hy Phe Gin ASP Jl« Phe can 

5 „ L=» S« S« «« H» S.r Jjr tU «. «» V.l Leu Glu «P «• 
35 aU 



, _ T __ Pro T,eu Glu Asn Trp Leu Gin Lys 
Cln Glu Lys Gin Leu Asn Asn Lye Pro teu 

50 55 
X*» Asn Ala Ala Thr Tyr Glu val Asp Asp tt« Leu Asp Glu Tyr Lys 



63 70 



«« Lys Ala Thr Arg Phe .« «» Ser Glu Tyr Gly Arg Tyr Hi* Pro 



20 Lys val lie Pro Phe Arg His Lys Val Gly Lys Arg Met. gg Gin Val 

25 Met Lys Lys Leu Lys Ala lie Ala Glu Glu Arg Lys Asn Phe His Leu 

" Hia Glu Ly S Xle val Glu Arg Gin Ala Val Arg Glu Thr Gly Ser 
30 13" 

val Leu Thr Glu Pro Gin val Tyr Gly Arg asp Lys Glu Lys As, Glu 
145 150 

XI. Val Lys Xle Leu lie Asn Asn Val M Asp Ala Gin His Leu sec 

165 



40 



val Leu Pro He Leu Gly Met Gly Gly Leu Gly Lys Thr Thr Leu Ala 



180 185 



„ _ _ nl - Arcj val Thr Glu His Phe His Ser I*ys 

45 Gin Met Val Phe Asn Asp Gin Arg vai in* 2Q5 

195 200 

Xle Trp He cys val Ser Glu asp Ph. Asp Glu Lys Arg Leu He Lys 
50 210 215 



Ala lie Val Glu Ser lie Glu Gly Arg Pro Leu Leu Gly Glu Met Asp 
225 230 

teu Ala Fro Leu Gin Lys Ly S Leu Gin Glu Leu Leu Asn Gly Xgm Arg 



60 ^yr L eu Leu Val Leu Asp Asp Val Trp Asn Glu asp Gin Gin Lys Trp 
65 Ala .Asn Leu Arg Ala Val Leu Lye Val Gly Ala Ser Gly Ala Ser Val 



275 



Leu Thr Thr Thr arg Leu Glu Lys Val Gly Ser lie Met Gly Thr Leu 
290 25,5 

Gin Pro Tyr Glu Leu Ser Asn Leu Ser Gin Glu Asp Cys Trp Leu Leu 
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78 

305 310 315 320 

pne Met Gin Arg Ala Phe Gly His Gin Glu Glu II© Asn Pro Asn Leu 
5 325 330 335 



10 



15 



30 



35 



50 



55 



70 



Val Ala He Gly Lys Glu Tie val Lye Lys Ser Gly Gly val Pro Leu 
340 345 350 

Ala Ala Lys Thr Leu Gly Gly lie Leu Cys Phe Lys Arg Glu Glu Arg 
355 360 365 

Ala Tip Glu His Val Arg Asp Ser Pro II© Trp Asn Leu Pro Gin Asp 
370 375 380 



20 Glu Ser Ser lie Leu Pro Ala Leu Arg Leu Ser Tyr His Gin Lou Pro 
385 390 395 400 

Leu Asp Leu Lys Gin Cys Phe Ala Tyr cys Ala Val Phe Pro Lys Asp 
25 405 410 415 



Ala Lys Met Glu Lys Glu Lys Leu He Ser Leu Trp Met Ala His Gly 
420 425 430 

Phe Leu Leu Ser Lys Gly Asn Met Glu Leu Glu Asp Val Gly Asp Glu 
435 " 440 445 

Val Trp Lys Glu Leu Tyr Leu Arg Ser Phe Phe Gin Glu He Glu Val 
450 455 460 



40 Lys Asp Gly Lys Thr Tyr Phe LyS Met Mis Asp Leu He His Asp Leu 
465 470 475 480 

Ala Thr Ser Leu Phe Ser Ala Asn Thr Ser Ser ser Asn He Arg Glu 
45 485 490 495 



He Asn Lys His Ser Tyr Thr His Met Met Ser He Gly Phe Ala Glu 
500 505 510 

Val Val Phe Phe Tyr Thr Leu Pro Pro Leu Glu Lys Phe He Ser Leu 
515 520 525 

Arg Val Leu Asn Leu Gly Asp Ser Thr Phe Asn Lys Leu Pro Ser Ser 
530 535 540 



60 He Gly Asp Leu Val His Leu Arg Tyr Leu Asn Leu Tyr Gly Ser Gly 
545 550 555 560 

Met Arg Ser Leu Pro Lys Gin Leu Cys Lys Leu Gin Asn Leu Gin Tnr 
65 565 570 575 



Leu Asp Leu Gin Tyr Cys Thr Lys Leu cys Cys Leu Pro Lys Glu Thr 
580 585 590 

Ser Lys Leu Gly Ser Leu Arg Asn Leu Leu Leu Asp Gly Ser Gin Ser 

595 6Q0 605 



ll-flUG-2003 23:04 

Agrico B.V. 



BASF RG GUX C100 



20030596 



+49 G21 6021183 
PF 54801 



S. 220/22: 



79 



5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 



Leu Thr Cys Met Pro pro Arg He Gly Ser Leu Thr Cys Leu Lys Thr 
610 615 520 



Leu Gly Gin Phe Val Val Gly Arg Lys Lys Gly Tyr Gin Leu Gly Glu 
625 630 $35 640 



Leu Gly Asn Leu Asn Leu Tyr Gly Ser lie Lys II© ser His Leu Glu 
645 650 655 



Arg Val Lys Asn Asp . Lys Asp Ala Lys Glu Ala Asn Leu Ser Ala Lys 



He Tyr Glu Ser Glu Glu Val Lys Val Leu Glu Ala Leu Lys Pro His 
690 695 700 



ser Asn Leu Thr Ser Leu Lys He Tyr Gly Pne Arg Gly lie His Leu 
70S ... 710 715 720 



Pro Glu Trp Met Asn His Ser Val Leu Lys Asn He Val Ser He Leu 
725 730 735 



He Ser Asn Phe Arg Asn Cys Ser Cyg vro Pro pne Gly Asp Leu 
740 745 750 



Pro Cys Leu Glu ser Leu Glu Leu His Trp Gly Ser Ala Asp Val Glu 
755 760 765 



Tyr Val Glu Glu Val Asp He Asp Val His Ser Gly Phe Pro Thr Arg 
770 775 780 



He Arg Phe Pro Ser Leu Arg Lys Leu Asp He Ttp Asp Phe Gly ser 
785 79D 795 800 



Leu Lys Gly Leu L©u Lys Lys Glu Gly Glu Glu Gin Phe Pro Val Leu 
605 810 815 



Glu Glu Met He He Sis Glu Cys Pro Phe Leu Thr Leu Ser Ser Asn 
820 825 830 



Leu Arg Ala Leu Thr Ser Leu Arg He Cys Tyr Asn Lys Val Ala Thr 
835 840 845 



Ser Phe Pro Glu Glu Met Phe Lys Asn Leu Ala Asn Leu Lys Tyr Leu 
850 855 860 



Thr He Ser Arg Cys Asn Asn Leu Lys Glu Leu Pro Thr ser Leu Ala 
865 B70' 875 B80 



ser Leu Asn Ala Leu Lys Ser Leu Lys He Gin Leu Cys Cys Ala Leu 




885 



890 



895 
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A gricoB.V. 20030596 PF 5-6.11 

BO 

Glu Ser Leu Pro Gltt Glu Gly Leu Glu Gly Leu Ser Ser Leu Thr Olu 
900 9° 5 

5 Leu Phe val Glu His Cys Asn Met Leu Lys Cys Leu Pro Glu Gly Leu 
915 920 925 

10 Gin His Leu Thr Thr Leu Thr ser Leu Lys lie Arg Oly Cys Pro Gin 

Leu xle Lys Arg Cys Glu Lys Gly lie Gly Clu Asp Trp His Lys lie 
15 945 350 955 



20 



Ser His lie Pro Asn Val Asn He Tyr He 
965 970 
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